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(57) Abstract 

A process for making a protective and decorative surfacing film comprises extrusion coating a solid polymeric material to form an 
optically clear first layer (10) on a smooth surface of a carrier sheet (12). The extrusion coated first layer is immediately cooled, followed 
by applying a pigmented second material (22) in thin film form. The composite paint coat is then transferred to a supportive backing, after 
which the carrier sheet is removed to expose the high gloss outer surface of the first layer. The second layer may be solvent cast, extrusion 
coated, or coextruded with the first layer. 
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EXTRUSION COATING PROCESS FOR MAKING 
PROTECTIVE AND DECORATIVE FILMS 
Field of the Invention 

This invention relates generally to the use of extrusion coating techniques for forming 
multilayer paint coated films. More particularly, multilayer coatings are made by extrusion 
coating one or more layers onto a surface-controlled plastic carrier sheet to produce high 
quality films at high speeds while avoiding solvent emission problems characteristic of the 
use of solvent-based paints. 
Background of the Invention 

1- Exterior A utomotive Applications 

Exterior automotive body panels have been made in the past by spray painting sheet 
metal parts. Multilayer paint coats, such as those referred to as a clear coat/color coat paint 
finish, have been used to produce desirable optical effects. In addition to high gloss and high 
distincmess-of-image (DOI), these paint coats also are highly durable by providing chemical 
resistance, abrasion resistance and weatherability that avoids degradation by ultraviolet light. 

In more recent years molded plastic car body panels have been made with decorative 
clear coat/color coat paint films bonded to the molded plastic panel. Use of such films 
avoids certain environmental problems associated with evaporation of paint solvents while 
also reducing or elirninating the need for paint facilities and emission controls at the 
automotive production plant. 

Because of the growing need to reduce the amount of atmospheric pollution caused by 
solvents emitted during the painting process, many different approaches have been taken in 
recent years for producing these decorative films. These processes are generally categorized 
by solution casting techniques or extrusion techniques. For instance, U.S. Patents 4,810,540 
to Ellison et al., and 4,902,557 to Rohrbacher use solution casting techniques in which 
liquid-cast, solvent-based clear coats and pigmented base coats are applied to a flexible 
casting sheet by a coating process such as reverse roll coating or gravure printing. The 
liquid cast layers are separately applied and then dried at high temperatures to evaporate the 
solvents. 

As an alternative, extruded films have been used for making exterior automotive clear 
coat/color coat films. International application PCT US93 07097 to Duhme describes an 
approach in which paint films are made by coextruding a base coat and a clear coat as 
separate extruded layers onto a carrier sheet. The carrier is used as a supporting sheet for 
the clear coat and color coat in a subsequent injection molding process. The extruded clear 
coat and color coat are supported in the mold by the carrier and shaped in the mold. The 
clear coat is a coextruded sheet having different proportions of polyvinylidene fluoride 
(PVDF) and acrylic resins in each layer of the coextrusion. 
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as those described above, however, have not been successfully adapted to producing high 
quality films at high line speeds and at low cost. 

The present invention provides an extrusion coating process that is an alternative to 
solution or dispersion casting of polymeric films and conventional extrusion. The invention 
is particularly useful with PVDF/acrylic films while avoiding use of the strong solvents and 
their related problems described previously. Use of the extrusion coating techniques of this 
invention provides the advantages of avoiding expensive solvents, producing no VOC 
emissions, and avoiding cross-contamination associated with solvent casting. In addition, and 
as emphasized in more detail below, the present invention has the added advantage of greatly 
increasing line speed, eliminating steps in the manufacturing process, and reducing costs for 
producing the clear coat/color coat films. 

Further, the invention has particular applicability to the manufacture of molded plastic 
exterior automotive body panels and parts. The invention provides a means for producing 
high gloss, high DOI clear coat/color coat paint films of exterior automotive quality. 
15 2. Exterior Siding Panel Applications 

Although the invention is described above with respect to exterior automotive 
applications, the invention also has applicability as a protective and decorative coating for 
other articles such as interior automotive components, exterior siding panels and related 
outdoor construction products, marine products, signage, and other interior or exterior film 
20 products with similar constructions. 

The following description relating to vinyl (PVC) siding panels is an example of one 
use of the invention for producing outdoor weatherable decorative surfaces on extruded 
plastic sheets. The invention, however, is applicable to plastic substrate panels other than 
vinyl. 

Wood, metal and vinyl are materials commonly used as boards or shingles for siding 
in the construction and remodeling of commercial and residential structures. Painted wood 
is perhaps the most aesthetically pleasing of these materials to the consumer, but wood 
suffers from deterioration by rotting and attack by insects, rodents and birds. Wood surfaces 
need constant re-protection with paint, stains and water sealants. 

Advantages of metal over wood include the ability to provide a baked-on finish that 
is more resistant to the elements than coatings applied to wood, thus eliminating subsequent 
material and labor costs to the consumer. However, metal-based siding has less thermal 
insulation value and is sensitive to scratching and denting by hail and other blows to the 
surface. In addition, it does not have the pleasing look of a wood surface. 

Vinyl siding has an economic advantage over most high quality wood and metal siding. 
It has better insulating qualities than metal, and it is more resistant to denting and scratching. 
However, vinyl is sensitive to degradation from ultraviolet rays of the sun. Previously, vinyl 
siding has suffered aesthetically compared to wood because of the generally higher gloss or 



25 



30 



35 



-3- 



BNSDOC1D: <WO 9640480A1_I_> 



WO 96/40480 

PCT/US96/09893 

uniform sheen of vinyl siding which hac =, 

n is difficult „ iecoLe ZZSZlZ? T " " PlaS * C * '°° k - ta additi ° n - 
pleasing ,o the comber. 2 Mmral -'°<«"s »ood grain pattern „ 

coated „„ p^ r ^ 3,,^^ ^ , ' Wi,h " WOod » 
heat and pnJLe. tl °*° * vinyl exm, s ion tmder 

Paper j*trr 2 ; i~r bond w — - - 

underlying wood ^ color Mat ^ *~ « P™*«ve outer coating for the 

comae, *, extra^ ^TjaS fdT^ " 
surface of tbe transferred decorative wood * " ™ ' embossmems u the 
produce a "shadow- effect in the ftaiZr ^ ? ^ e,nb!>ssn, ™ B OT indentations 
natural wood. WtraomS* eloZff *" """^ *• «■ — ' of 

flat appearance a, ZT ' ' * 7°" — - a 

appearance of a pUsdc sintuS w^Tpa«T *" "* 

There are several drawbacks tr> thic - 
Pane., A principal disadvan^ ? T"* "* — «■* 

Surface gloss can be measured by various "rd^o'Th " "° ^ 

o. > 1), surface g,oss levels produced by thetior^Z^ (AS ™ 

- ; rp^rs, s~ of— d - — - - - 

sheet also should release freely from ,h. / decoranve coatings. The earner 

sheet. Trahsfer of ZTyVZl^TT " "* — ^ 

temperatures, since the decoradve coatin/nTv h T , * * 
immediately a«er it exits the ^e * ,T ^ " 

wood grain coat is transferred emboss J Z y *°* " emb0ssed wlK '' 

form the embossments. ^t^ZZST™ be high in order to physically 

» embossing can inhibit fornt^ ^"7,™" ° f ^' ~— P- 

g ep embossments. If the transferred wood grain coat has 



W ° 96/40480 PCT/US96/09893 



10 



15 



a highly roughened surface, in order to produce lower gloss, the surface roughness can 
interfere with proper release of the carrier sheet. At the high transfer and embossing 
temperatures, certain coatings on the carrier sheet can preferentially adhere to the carrier 
rather than properly releasing from it. 

The decorative coatings transferred to a vinyl sheet to provide a wood grain or other 
surface finish also should protect the underlying vinyl panel from UV degradation, 
delamination, and other weather problems. 

Thus, there is a need for a process for manufacturing decorative wood grain vinyl 
sheets with a sufficiently low gloss surface to resemble the appearance of natural wood grain, 
painted or unpainted. In a transfer process in which the wood grain coating is printed on a 
carrier and transferred from the carrier to a vinyl extrusion, while the vinyl is being deeply 
embossed, there is a need to ensure that the decorative wood grain coat properly releases 
from the carrier and bonds to the vinyl. The deep embossing step must not be adversely 
affected; the low matte surface of the decorative wood grain must not adversely affect proper 
release from the carrier; and these steps must be carried out at the high temperatures and 
pressures necessary for proper embossing. 

These technical problems have been solved, to a great extent, by the process disclosed 
in the applicant's U.S. Patent 5,203,941 to Spain et al., which is incorporated herein by 
reference. The Spain et al. patent discloses solvent-cast paint films applied as a decorative 
coating to the matte release carrier sheet. The present invention provides a process for 
making the vinyl siding panels in which the disadvantages of using solvent-cast films for the 
outer protective coat are avoided. 

One aspect of this invention provides a process for making decorative wood grain 
extruded vinyl sheeting suitable for outdoor use, in which the surface of the decorative wood 
25 grain has a sufficiently low gloss to resemble natural wood grain. As an option, the 
decorative wood grain surface can be deeply embossed to produce a natural looking wood 
grain surface. The low gloss wood grain coat transfers to an extruded vinyl sheet and 
properly bonds to the vinyl extrusion, while the carrier on which it is coated properly 
releases from the transferred decorative surface at elevated temperatures. The invention also 
provides extruded plastic siding panels with weatherable decorative surface coatings that 
inhibit long term UV deterioration and delamination problems. 
Summary of the Invention 

Briefly, one embodiment of this invention comprises a process for making a protective 
and decorative surfacing film comprising extrusion coating a solid polymer from an extruder 
die directly onto a moving carrier sheet to form an extruded coating of uniform film 
thickness on a smooth surface of the carrier sheet. The extrusion coated layer is preferably 
formed as an optically clear first layer on the carrier which travels at high speed past the 
extruder die opening. The extrusion coated first layer is hardened by a temperature 
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FIG. 2 is a schematic diagram Ulustrating a process of applying a release coat or gloss 
control coat to a carrier sheet and then extrusion coating a clear coat on the release-coated 
earner sheet. 

FIG. 3 is a schematic diagram illustrating a further step in the process in which the 
clear coat/color coat film is transfer-laminated to a thin semi-rieid backing sheet 

FIG. 4 xs a schematic diagram illustrating an alternative subsequent step in the process 
in which a paint film is applied to a backing sheet while the sheet is being formed by the 
sheet extruder. 3 

FIG. 5 is a schematic diagram illustrating final steps of the process in which the 
laminate produced by the steps shown in FIGS. 3 or 4 is vacuum-formed and then injection 
molded to produce a finished panel. 

FIG. 6 is a schematic cross-sectional view illustrating multiple lavers of the finished 
paint coated panel of FIG. 5. ' 

FIG. 7 is a schematic diagram illustrating an embodiment of the invention in which 
a clear coat and a color coat are formed as extrusion coatings applied to a carrier sheet 

FIG. 8 is a schematic diagram illustrating an embodiment of the invention in which 
a clear coat and color coat are produced as a coextrusion coating on a carrier sheet 

HG. 9 is a schematic diagram illustrating an embodiment of the invention in which 
resins and additives are compounded by melt blending in an extruder to produce 
20 homogeneous pellets for use in the extrusion coating process. 

HG. 10 is a schematic diagram illustrating an embodiment in which a clear coat is 
extrusion coated onto a carrier sheet followed by a separate coextrusion coating of a color 
coat and size coat applied to the same clear coated carrier sheet. 

FIG. 11 is a schematic diagram illustrating an embodiment in which a release gloss 
control coating is applied to a carrier sheet by a solvent process followed by an 
extrusion-coated clear coat which is then printed with solvent-based gravure patterns and then 
coextrusion coated with a color coat and a size coat. 

FIG. 12 is a schematic diagram illustrating an embodiment in which a coextruded 
substrate is formed, followed by a coextrusion coated color coat and clear coat to which a 
earner sheet is applied at the extrusion coating/laminating station. 

FIG. 13 is a schematic diagram illustrating an embodiment in which a sheet containing 
a substrate, size coat, color coat and clear coat as shown in FIG. 12 is formed and extrusion 
coated with a carrier sheet rather than applying it at a laminating station. 

FIGS. 14 and 15 are schematic cross-sectional diagrams iUustrating an in-mold process 
where a laminate is placed directly into an injection mold and molded into a finished panel 
FIG. 16 is a schematic diagram illustrating an embodiment in which a substrate is 
coextruded in sheet form, followed by extrusion coating a size coat, a color coat and a clear 
coat, followed by introduction of a carrier sheet. 
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The clear coat polymer is preformed as an extrudable material in pellet form fed from 
a hopper 14 to an extruder having an extruder die 16 adjacent the surface of the carrier sheet. 
The carrier sheet is provided as a supply roll 18, is unwound, and travels at a high line speed 
past the extruder die opening. In one embodiment, line speed exceeds 200 feet per minute. 
The die extrudes the polymeric material through a narrow slot to form a thin low viscosity 
coating of a liquid of uniform thickness that uniformly coats the carrier sheet which is 
continuously moving at high speed past the extruder die slot. Extrusion temperature is in 
excess of 340°F, and in some instances can approach 450 ? F. The entire thickness of the 
coating for the pass under the extruder die is applied across the width of the carrier. The 
extruded coating is immediately cooled thereafter, by contact with a chill roll 17, which 
hardens the extruded clear coat layer. The cooling step using the chill roll is described in 
more detail below. The extrusion coated carrier is wound as a take-up roll 20. 

A pigmented color coat material 22 is solvent cast on the extruded clear coat side of 
the carrier 12. The color coat 22 can comprise various polymers used as binders for paint 
15 films such as thermoplastic, thermoformable and weatherable acrylics, urethanes, vinyls, 
fluoropolymers and blends thereof. The fluoropolymers preferably comprise PVDF or 
copolymers of PVDF resins. The preferred color coat formulation is a blend of copolymers 
of PVDF and an acrylic resin. Preferably, the acrylic component can comprise PMMA, 
although PEMA also can be used. In addition, reflective flakes can be uniformly dispersed 
20 in the color coat to produce automotive films having a metallic appearance. Formulations 
for solvent casting the color coat formulation are described for example in International 
Application WO 88/07416 to Spain et al. which is incorporated herein by this reference. 
Following solvent casting of the color coat on the clear coat, the color coat is dried at 
elevated temperatures to evaporate the solvents, and the paint coated carrier is then wound 
25 as a take-up roll 38. An optional size or adhesive coat may be applied to the color coat side 
of the carrier sheet. 

In another embodiment of the invention, the clear topcoat 10 can be extrusion coated 
in. thin film form generally ranging from about 0.1 mil to 3.0 mils in thickness onto the 
surface of the carrier 12. Thicker top coats may be used for certain multi-layer films 
30 containing a base coat with reflective flakes. The carrier is preferably an oriented polyester 
casting film such as DuPont Mylar A or Hoechst Hostaphan 2000. The thickness of carrier 
sheet can be from 0.48 mil to 3.0 mils thick, but preferably 1.42 to 2.0 mils functions best 
for subsequent coating and lamination operations, that is, for web control and heat transfer 
properties. 

In this embodiment, the carrier film is unwound, then passed to the extrusion coating 
die 16 where the clear topcoat 10 is extrusion coated onto the carrier sheet. The topcoat 
formulation is preferably an extrudable solid polymeric material comprising a 
fluorocarbon/acrylic blend such as polyvinylidene fluoride, i.e., Kynar 720 (Elf Atochem), 
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of rolls prior to applying a release coat material 23 to the surfed Jt 
conventional gravure cvlinder ?4 tk , CC ° f me camer ^ a 

sufficient for drying and crosslink Z Z*lZ l£T7 r """"^ * "~ 

^r:Co^;-~ 

controlled cooling. One or more water cooled chill rolls can bT^rr 

carrier sheet ,o prtrfoce control temperature redo"^plXlI^ ,,8 
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station 30. although te color coat fUm ^ can fce 

solvent or coating tcctaique , ^ ^ coaKd fUm ^ °£ 
oa, and solven, cas, color coat then passes ,o a drying oven 34. The co. m coat £££ 
dr. d a. oven mmperantres from about 250'F to 400°F. Preferably, drying Td^ to 
mnlnple srages as is known in me art. The solven, gases are driv» off by me d^ing 

bonded ,o the ex.rus.on coa,ed clear coa. on ,he re,ease coamd carrier shee, The fllm T 6 
is then wound as die take-up roll 38. 

The color coa. side of U,e pain, coa, on the carrier may next be coafcd win, a size coa. 

oa. V TT 1 ^ 3dheSiVe A CUOriMBd ^ve is 2 ^ITe 

oa. for bondmg ,o a subsume made of memroptouc polyolefm. A CPO size ccl 

formmauon preferably includes Hypalon 827B (DuPom) mixed with a solvemsuch amhZ 

in a ratio of about 25 S/75 % , by weight. 

Referring t0 ^' ^ P a tnt coaled carrier 36 is next laminated to a thermoformable 
PO lymertc backm, shee. by dry pain, hansfer-lamtaaung techniques. The *Z£Z 
mchides separating me carrier shee. from me clear coa. layer and simuhaneously oTmg Z 
clear coa, and color coa, to a semi-rigid backing shee. 40. The backing shee, 40 is inhLly 
wound as a supply roll 4! and is unworn* and fed .o a transfer-lannnaLg sal 42^ 
Sickness of me backing shee. is preferably in a range from abou. 10 m atom 40 mus H 

n-^TvaT* 7 * ° f *« - ^ mad! 

horn vanous polymenc materials such as thermoplastic polyolefm. polyester, ABS. „y loB 

!I™ P °'T ,0naK ' OT -ch a, polypropyfene or polyemylene. The 

panu c Mttd camer and backing shee. pass berween a hea^d la-ninattag dnm, 44 amTa 
pressure roll 46 for pressing me overlapping sheets into comae, and for hean^g It a 
.etnperature sufficient ,0 activate me adhesive size coa,, which may be coamd on^ed 

TZZ^T™*- "* siK coa * may * -~ a b ^ — °"<— 

m d« backmg she« pnor ,o laminauon of me clear coa, and color coa, ,„ the backing shee. 
The process of FIG. 4 transfers me pain, coa, (clear coatfcolor coa,, to me surface of tte 
semi-rigid thennoformable backing sheet. 

Following the ttansfer-laminating siep, the carrier shee, 27 is separaKd from me 
resmmg ■an.ma.e and wound as an unwind ro„ 48. and me reaming laminate 49 (wmcn 
comprises me temoformable backing shee. with me adhered color coa. and clear £J£ 
wound as a oke-up roll 50. The exposed dear coa, side of the reaming lamina* £ " 
measured for DDI and gloss. The smoodt surface of the release coated carrier sheet 27 

rrt b^znT? m 2 hiSh 8te 3 Wsh DDI «PP— • A high DOI grearer Z 
60 and a htgh 20" gloss greater man 75 are achieved wim mis invemion. 
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FIG. 4 illustrates an alternative process of transferring the clear coat/color coat pain, 
film .o a rhermoformable backing sheet. In .his embodiment the backing l^Ti 
continuously erttxuded front an extruder die 54 while rhe pain, film 36 stoned by the 
earner ^unwound from the roi, 38 and conrinuousiy exttnsion laminaed ,o the backing sZ 
as ,, ,s bemg formed by the sheet extruder. The backing sheet may be made from ™ 
exttndab e polymeric matorial seiected from me group of backing sheet marerials Z>Z 
prevmusiy. The resulring lamina* (comprising the carrier-support dear coat/crTc^ 
^slam-natod to the exuded shee, 52, passes to a caiendar/chii, roll sack 58 toi ^Z 
d« backmg sheet and bonding the clear coar/coior coa, Aim to i, The finished pain, Z 
ian^nato 56 is wound as «ake-up roil 58 after rire reiease coated carrier sL 27* 

« rj**?* 10 FIG ' 5 ' "* Pate COaKd taGkta * **« 49 <b= FIG. 3 process) or 
56«rom ^ HG. 4 process, men passes to a merotoforming step where " 

themoforroed mto a desired contoured tae-dimensionai shape. The mermofonl! 
opemuon gene raI1 y ftxiudes placing rae paint coaKd Ucijng ^ fa ^ ^J^Z 
machme 57, and hearing i, ,o a remperattue in me range of about 270»F ,o 540'F The 
pam,-coatod side of me backing shee, is exposed during the thermoforming operation ' After 

deatred mree dtmensional shape by drawing a vacuum on a vacuum forming buck .Tforee 
^ motten pi^c into me shape of the working surface o, me buck. Pressure also may" 

plasttc to a sohd stttte, after which me laminato is removed from its surface to form me 
resulttng mree-dimensionany contoured shape of me pain, coared lammato 58 Tot 
embodnnen., the paint coa. can elongate from abou, 40 percem to about 150 peroent greater 
■ha, tts unextonded state during me mermofonning step wimou. degiossing, cLking ^ 
whttenmg, or ottterwise diarupring <he ex.erior aummodve dumMi* p^petri^ " 
appearance properties of gioss and disnncmess-of-image ma, were presem in me comlte 
pam. coa, before thernmfonning. In one embodimen, DDI re,Jd by JtenZZ 
shee. . m exceas o, 60 (as measured on me HnntorUb Dorigon D-74R^6 inammTn^ ^ 
gloss measles a. leas, 60 and 60- gloss measures a. teas. 75 under auch eiongadon In some 

z^stz^t 0 ™** wi,n iiaie ° r -° *- *™m:T2 

elonganon), ftashed produce are made with high levels of rerained gloss and DOI 

Following the mennofonning step and die cutting step, me resulting pain, coatod 
^nned she,, 58 is men piaced in an injection moid 59 having a comourTToId S 

nZT* ,beCOn ' OUred ° UKr ° f «*-.«« -* of me mennofonned she., M 

A poiymenc ^jectton molding matorial is injected into me mold and forced agains, me 
^kmg shee, aide of me thennofotmed shee. to bond me substtare matorial ,„ Z 
•hennoform. Tie resulring panel 60 U .hen removed from ft. mold to provide a rig* 
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substrate panel with a contoured decorative outer surface comprising the thermoformed 
backing sheet and its adhered clear coat, color coat, size coat and tie coat, if required The 
preferred polymers used for the substrate plastic molding material of the finished panel are 
polymers compatible with the material from which the backing sheet is made. These may 
mclude thermoplastic olefins, ABS, nylon, polyester, polycarbonates, and polyvinylchloride 
compatible with the corresponding materials from which the backing sheet is made 

The tramfer-lamination, thermoforming, and injection molding steps can be carried 
out by various processing steps known to those skilled in the an and are described for 
example, m International Application WO 88/07416 to Spain et al. and U.S Patent 
4,902,557 to Rohrbacher which are incorporated herein by reference. 

In one embodiment of the invention, FIG. 2 schematically illustrates a two-step 
process which can be performed in tandem or as two individual operations: (1) gravure 
printing a polyester carrier film with a silicone release coat or a gloss control release coat 
and (2) extrusion coating a clear topcoat on a silicone release coated or gloss control coated 
earner from the first operation. As mentioned previously, the release coat surface of the 
carrier is optional. The carrier film 12 is unwound from the supply roll 18 and this film 
travels into the gravure print station where the release coat or gloss control release coat is 
gravure coated onto carrier film. The carrier film coated with the silicone release coat or 
gloss control release coat is passed through a 20-ft. drying oven 26 with impinging air for 
325-350°F, sufficient for drying and crosslinking the silicone release coat or the gloss control 
release coat on the carrier film. In the first stage of the drying oven, the silicone release coat 
or the gloss control release coat is sufficiently crosslinked to permanently bond it to the 
earner sheet. The silicone release coat dried deposition weight is from 0.5-1.0 gm/m 2 and 
the gloss control release coat dried deposition weight is from 3-5 gm/m 2 . (As an alternative 
the silicone coated PET can be purchased directly from the manufacturer, such as American 
Hoechst 1545.) The coated carrier film 27 which has dried and crosslinked exits the oven 
26, and passes to the extrusion die 16 where the extruded clear topcoat 10 is applied to the 
release coated carrier. 

FIG. 1 schematically illustrates roll coating of a solvent cast PVDF/acrylic color coat 
material 22 onto the clear extruded topcoat on the PET carrier. The extruded clear coated 
film 28 travels to the roll coating station 30 where a poly vinylidene fluoride/acrylic 
pigmented color coat is roll coated onto the extrusion topcoated carrier. One preferred ratio 
of poly vmyhdene fluoride copolymer to acrylic polymer is 75/25 by weight based on the total 
PVDF copolymer/acrylic polymer solids contained in the color coat Kynar 7201 (Elf 
Atochem) and Elvacite 2008 (I.C.I.) are preferably used in this application. The sheet 32 
coated with the color coat passes into the drying oven which has three drying zones set at 
160°, 240° and 360°F. The color coat is dried and fused before leaving the drying oven 
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1 FIG. 6 illustrates a cross-sectional view of the finished body panel which includes . 

contoured outer surface fonned by a clear coat 61 that has been extrusion coated andt n ded 
an undenytng color coat 62, a size coat 64 which bonds the color coat side of Z ct* 

coatfcolor coat composite to a thertnoformable backing sheet 66, and an underlyl 2 
5 substrate panel 68 . The contoured decorative outer surface of the clear coat/color^ X 

fihn prides a fcgh gloss, high DOI outer surface in which the color coat is visib, Zgh 

the transparent outer clear coat. "fougn 

be „>„ M ,T ° f f* ^^"^ d = scribcd ab ™ wid, backing sbeas less .ban 20 mils can 

10 ZTIT* T tajeai ° n Wi,hOUt 1116 pfenning 

plas..c molding marenal ,s .hen htjecred tat0 te moM and lM1 Lte * 

panel of toe finished decomted pan. Many clear coat, color coat, and size coa, fofls Zy 
be made by Uus ,„ mold process to fonn ^ m ^ ^ ^ *>£ - 

lammated to a 3-15 mtl flexible backing sheet, such as vinyl, nylon, or uremane I carT 

Elf t ^ *■ fonned in 0,6 — ,o £EH 

SSJ^LT* ~ MVE - used — * - — - 

coa, arf ""^ ' OIm * mV ™ m * Whfch *» *- « - «*» 

20 ™ m 0nt0 8 C ° mm0n Catlier Shect In embodiment me dear coat 

20 matenal 10 . firs, emuded on.o an op.iona.ly release-coated carrier sheet 70 in a^Z 
quarto die precess described in FIGS. 1 and 2. Tte clear coat material ex^nZ 
duough a firs, ex«res,on die 72 for extfusion coating the clear coa, on the 

a^ r !"f " ° f C "* r — *" unmediarei™ 

around a fire, chill roll 74 where the clear coa, is hardened n, • * 
23 transnons th, h»^™»H i naroened. The earner then continuously 

•ranspom the hatdened clear coa, past a second extrusion die 76 where me color coat 
marena, 75 u exuusion coated direcdy onto the clear coat. The color coa. to inunlret 
undergoes conuolled cooling by passing atound a second chill roll 78. The cTSS 
UK clear coa^color coa. pain, film is ten wound as a .ake-up roll 80 

fltas are formed as coextmstons coared onto the opponally release-coated carrier shee, In 
tas process me opuonal dear coa. and color coa, are exuusion coaJZtlg^ 

» SL^TJSri r W ° ~ ! * " » ' bl °* 86 •** ""-nines I 
de^r coaTm^ T C ° mP0,Kffi i0 te flnal COeXmided fita - In «- «""»*-. die 
7ot r T « ' ° f PVDP/ ^ «— -^uung from abou, 50 «, 

ma,enal is a PVDF copolymer/actyhc resin blend as described above. A clear coa. having 
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a thickness of one to two times the thickness of the color coat is a preferred embodiment 
The partition melt flows from the feed block 86 to the extruder die 88. The melt 89 is then 
extruded onto the polyester carrier 90 which is unwound from supply roll 92 and travels past 
the extruder die slot. This coated foil then travels immediately over a chill roll 94 and then 
to a take-up roll 96. This foil with an appropriate size or tie coat system can be laminated 
as described in FIG. 3 to produce a laminate which can be thermoformed, die cut and 
injection clad to yield a finished automotive part. 

In a further embodiment (not shown), size coat, color coat, and clear coat materials 
are extruded through three separate extruders. One extruder is fed a size coat, a second 
extruder is fed a color coat, and a third extruder is fed a clear coat. The melt from each 
extruder is then fed into a common feed block and the resulting partitioned melt is then 
extruded from an extruder die onto a polyester carrier traveling past the extruder 

Referring briefly to FIG. 9, the clear coat, color coat and size coat materials referred 
to m the embodiments of FIGS. 7 and 8 can be initially made in peiletized form. A dried 
blended formulation is fed to an extrusion hopper 98 and is then extruded through a twin 
screw compounding extruder 100 to form multiple extruded strands 102 which pass to a 
cooling bath 106. This hardens the extrusion which then passes to a chopper 108 that 
produces the finished pellets at 110. The extruded size coat, clear coat and color coat 
materials described previously can be in peiletized form produced by the process of FIG. 9. 

FIG. 10 schematically illustrates a process in which two extrusion coatings are 
performed in series to produce a multilayer clear coat/base coat/size coat on a po^ester 
carrier. In this process a clear coat material is extruded through a first extrusion die 112 
onto a release-coated carrier 1 14. After passing around a chill roll 1 16 the topcoated carrier 
passes to a second extrusion station 118 having a pair of extruders 120 and 122. The color 
coat material and size coat material in peiletized form is fed to individual extruders and the 
output is introduced to feed block 124 and then through an extruder die 126 onto the 
clear-coated carrier. The feed block introduces an 85/15 ratio of color coat to size coat 
thickness. The color coat side of the coextrusion is coated onto the clear coat with the size 
coat on the outside. The clear coat and extruded color coat/size coat are laminated at the nip 
of a chill roll 128 and a pressure roll 130. The laminate then passes around the chill roll and 
to a take-up roll 132. This foil can be laminated to unprimed backing sheet materials (such 
as those materials described previously) instead of primed ABS as in FIG. 4 to produce a 
laminate which can be thermoformed, die cut, and injection clad to produce a finished 
exterior automotive part with a high gloss and a high DOI. 

FIG. 1 1 schematically illustrates a process in which an exterior foil is produced using 
extrusion coating and gravure printing. A polyester carrier sheet 132 is unwound from a 
supply roll 134. The polyester web travels over idler rolls to a gravure print station 136 
where either a release coat or a gloss control coat is applied; the coated web 138 is then 
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prtot stations ,46, .48 and 15 0 and ^ ^ , iZ" T™ 

printed pattern (such as wnn H CT r,^ k u- 156 m tandem where a 

m descrLd in HQ 2 CpS w^iss', 0 ' 7"*? " » "* "™ w * 

omo me. primed web as described in FIG 10 ™!r, T. f, °* "* C0,OTU<ted 

extmsion-tomtoaKd and lra ve,s ove^ ^V^^fS^T'" M 166 h 

This foil can be laminated to a backing Z. 1 , r °" S *° 3 mU I68 ' 

pmduce a ftoished exterior ^u^p^T^f^ - - » 

HO. 12 schematically illustrates a pro el to l!b " *' 

is produced in-Itoe using thick shee, exLIn h eXKr '° r au,omot l TC finale 

coextrusion Hne has rwo e^deT TZ^JTT '""t^' A Sh ~ 

of dried penets or dried " «— * «— 

other exm.dab,e mermoplasric matorials ^"J! " 
second extrader 172 is fed wi,h ,„ . . TuT m " >a ' e backin S sheet. A 

powders such as acr^ * ^S^" « — " 
exterior laminate foils A melr .n.™ , u matenal for use as a size coat for 

which crmtrms '" 0 ™ d -." « » • *- »,ock IW 

* Panned me,, ,75 T^^^™^^ « — — *~ 
of three .empemmre comroUed rol,s ,78 180 a^d 182 2 "* 

cooled primed sne^Z ^ J* * ha " d,ta8 lb 

extruders whom a coloTcTSTcL^f " eOT ° Si ° n ^ SQtion 

color coa. mamria, hoTJ^T T™** *" — ' "» 

ma^ria, is fed from a hopper^ ^ ~ L" ^ ? — « 

compounded pigmented PVnp , exiruaer 189 - The first extruder 187 uses 

extntoer „ ^^TSS^ ITT ^ ~ 

an exfrusion die I92 . tZ^^^^."^ * ~ *"* " 
» high duromeKr backup ro,I ,94 and a chill rol, ,o7™, 1. * ,P C ° mPriSi,Ig 
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from a supply roll 200. This polyester film is used ,o enhance the gloss of the flnal product 

flta) passes through the nip and ,s wrapped around the chill roll. The laminare 202 then 
travels over idler rolls to a take-up roll 204. 

FIG. 13 schematically illustrates an embodiment similar to FIG. 12 in which an 
«mr larnmare with a thennoformaMe protective sheet is produced in-line using a * Le" 

FlTlT " "° eXm * i ° B ^ A flal — " line as described " 

HO. 12 coexmtdes a pnmed backing sheet 206. This primed backing sheet passes over idler 

oils m,o a mp of exrxusion coating snarion 208 where a color coa, and a clear topcoat 
coexn-uded onto the primed surface of me backing sheet. The clear coal/comr^aT am 
passed aronn^ a chill roll ro produce an exterior laminate 210. The resuhing JZ^JZ 

ver tdler rolls mro me nip of a second extrusion coating station 212 where a mermofonTb 

Imr 7 T " ^ ,0PCMted ° f '™ A *=™oformab.e 

mamnal such as ethylene-acrylic acid or polypropylene can be exrrnsion coa«ed as the 

T„ eXKri ° r lamtaatt W " h ' *-™*™* P™«cove coa, can be 
thennoformed, die cut, and injection clad ,o produce a flnished pan with a remporary 
proteertve coa. which protects rhese pans in shipping, assembly and painting. The proactive 
coa, . stripped off after these operations ,o yie!d a finished par,. The protective coa, also 
can be used as a paint mask. 

in v^^TV^ t0 FIGS - W 15 ' ^ in - m ° ld pn)CeSS is ^ematically illustrated 
n wh ch a finished exterior automotive part can be produced using exterior in-mold foils or 
m-n^d lammates as produced by conventional solvent casting and by extrusion coating 
processes or a combinaUon thereof . For shallow draw parts (0.125«-0.25«) with gentle draw 
and radius corners, an in-mold foil can be used to form an exterior decorated automotive 
part. This m-mold foil 214 as illustrated in FIG. 14 is placed in a mold cavity 216 of an 
uyecuonmoldmg machine with a PET carrier film 218 facing the cavity side of the mold. 
The m old ,s closed, sandwKming the foil between sides of the molding cavity. Molten plastic 

^LTr m ° ld ^ ^ * e Si2C C ° attd faC£ 222 of * e forcing the 

Wection i<f conform to the shape of the cavity. The size coat bonds the foil to the 
m^uon moldmg plastic which forms a substrate panel 223. The molded part 224 is shown 

Z n^H " ° PeDed "* ** Sheet *»« ™y «V ^suiting from the 

in-mold process are removed to yield a decorated exterior body part 226 

in FIG^° r if eP r,t raW in " m ° ld Pam ' an in - m ° ld lamiDate is USed m ^ P rocess Crated 

can be nrodu^d I r * ^ P " L SUCh ™ hH » flM la ™ 

can be produced by first laminating an in-mold foil to a flexible backing sheet, such as a 

flexible vinyl, urethane or nylon sheet described previously. This in-mold laminate is placed 

in the mold cavity of an injection molding machine so that the topcoat of the in-mold 
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laminate faces the cavity side of the mold. After the mold is closed, preheating the laminate 
or blown* or vacuum forming the laminate into the mold cavity prior to injection cladding 
can improve the appearance of the finished part. The laminate conforms to the shape of the 
mold and less wrinkles and burn-through occur during the injection process. Molten plastic 
.s injected against the backing sheet, forcing the in-mold laminate to conform to the shape 
of the mold cavity. The backing sheet bonds the laminate to the injection molding plastic 
The mold is opened and the fringe of the laminate sheet is cut away to yield a fmished 
exterior part (not shown). imisnea 

ste ™ ot^^ alle T Ve ' "* transfer " lamination ' thermoforming and injection molding 
-mold process described in the applicant's International Application 

Z part 61 ^ Carri£d ° W t0 Pr ° dUCe 2 fmished aUtomotive Panel 

FIG. 16 shows a further embodiment of the invention comprising a three-layer 
coextrusion which includes a clear coat, a color coat and a size coat extruded at 230 The 
clear coat, color coat and size coat, in that order, are joined together in a die block 232 with 
a backmg sheet from an extruder 234. The backing sheet provides a support for the three 
layer coextruded films. The polymeric material that comprises the support layer of the 
coextrusion can be any extrudable material such as ABS, thermoplastic polyolefin 

on 7 " rSr TbB reSUUing f ° Ur_layer C ° eXtmSi0n 236 iS eXttUsion C -ted 
onto the surface of a PET carrier sheet 238 that travels past the extruder die opening The 

earner 238 can comprise various polymeric materials such as PET or PETG In one process 

a clear coat, color coat, and size coat are extrusion coated from a single extrusion coating 

station using three separate extruders as illustrated in FIG. 16. One extruder contains a 

PVDF/acryhc clear topcoat as described previously. The second extruder is fed pigmented 

PVDF copolymer/acrylic color coat as described previously. The third extruder is fed an 

acryhc size coat material such as Plexiglas VS100 (Atohaas). The melt streams from these 

three extruders are fed to the feed block 232 which controls the relative thickness of each 

component m the final coextruded film. A 45/45/10 ratio of clear coat/color coat/size coat 

is preferred. The partitioned melt 236 flows from the block to the extruder die The 

partitioned melt is then extruded onto the polyester carrier sheet. The carrier sheet can be 

extruded sunultaneously with coating of the extruded Films onto the carrier, as in FIG 16 

or the tliree-layer extruded film can be coated onto a carrier sheet being unwound from a 

supply roll. This coated foil then travels over a chill roll and idler rolls to a take-up roll 

24a Alternatively this foil can be laminated to unprimed ABS instead of primed ABS to 

can * thermoformed ' die cut - and injection clad to yieid * *— 

Another embodiment of this invention is an extruded color coat that can be used 
without a clear coat. The extruded color coat which comprises the exterior weatherable layer 
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presently preferred extrudable polymeric eninr ™„ • , 

poiyvinyiidene fluoride (PVDF) md amlic relte TtT f 7*1 2 ° f 

(PEMA) also can be used to a JfZdlL^! „ " * * P°'.™« 
720 (E.f A.ochem) 00^ ^^^ ^ , 

« as^C ^t^^™ 7 IiC P ° ,ymer 

porcen, and ^ d^ e and mixed meia, ox ,d e ' 
PV»F, TT abS ° tber resin « te —po-mded and ^ed to the 

color rress ouls of ^ col °red pellets can be used to check 

Example 1 

The following formulation of an extrudable H M r , 

pellettzed, and the pellets were fed to an =xZ~ for eZ« '7? maKri! " 
„„, „ . _^ luan extruder for extrusion coating the resultine clear 

coat onto the surface of a carrier sheet traveling p ast the extruder die sL. 




Kynar 720 is the extrusion grade PVDF corresponding to Kynar 301F that u 
commonly used in a solvent cast PVDF/acrylic formulation. Th! Kyn^O has * rn^inl 
temperature of about 167°C, a Tg of about 38-41 r » n n g 
0_. in Pas.ec) a. 10 0, 5 00 ano ,000^0 ^ ,5^0 ar^^L^ 
Hvactte 2042 is a polyethy, tnethacrylate (PEMA), which is compadb" w^TOF and^I 
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the same acrylic used in the standard solvent cast Avloy® clear coat; this formulation was 
selected to simulate the formulation of the standard Avloy® clear coat. (Avloy is a trademark 
of Avery Dennison Corporation, the assignee of this application.) 

This formulation was compounded twice through a 3.25" Davis Standard single screw 
extruder to obtain uniform blended pellets; however a twin screw is used for peptizing in 
later examples for better distributive mixing. The two resins were dried in a dryer at 130°F 
for four hours before being extruded into pellets, and during the extrusion process a vacuum 
vent in the compression zone of the screw was used to further remove moisture and other 
volatile components. The feed into the extruder was starved, and the heating elements or 
zones of the extruder were set at (1) 420°F, (2) 430°F, (3) 430°F, (4) 430°F, (5) 430°F, 
(6) 430°F adapter, (7) 430°F die, but the observed values were (1) 416°F (2) 418°F (3) 
427'F, (4) 423°F, (5) 428°F, (6) 424°F adapter, (7) 429°F die. The screw was maintamed 
at 70 rpm using 34 amps and a screen pack consisting of two 20-mesh screens in series was 
used to clean up the melt stream. This material was pelletized with a 9-10 ft. water bath for 
a nine-second immersion to cool the exudate prior to peptization. Press outs were used to 
judge the homogeneity of the pellets. 

This material was extrusion coated onto a two mil high gloss polyester film from 
American Hoechst designated Grade 2000. (The extruded material had a melt viscosity 
(Pas-sec) at 100, 500 and 1,000 1/sec of about 752-769, 303-308, and 200, respectively.) 
The polyester carrier provides a smooth glossy surface upon which the hot exudate can form 
a thin clear film ranging from about 0.1 mil to about 2-3 mils thick. The thickness of the 
resulting films can be adjusted by the extrusion coating line speed and the screw speed of the 
extruder. Faster line speeds result in a thinner film, and faster screw speeds result in thicker 
films. The polyester carrier also acts as a support sheet for the thin clear film in subsequent 
operations such as coating and laminations. In this example a 2.5-inch extruder was used 
to extrusion coat a one mil PVDF/acrylic clear topcoat onto a two mil gloss polyester carrier. 
The compounded pellets were dried in a desiccator dryer at 130°F for two hours prior to 
being fed into the extruder. The extruder had five heating zones which were set at (1) 
390°F, (2) 400°F, (3) 410»F, (4) 420°F, (5) 420°F. The screw speed was held at 60 rpm. 
The matte chill roll was maintained at 75°F for the entire run. A nip pressure of 20 lbs and 
no corona treatment was used to enhance the bond between the film and the polyester carrier. 
At these settings a nominal one mil thick clear film was produced with a corresponding 
weight of 38 gm/m . This extrusion coating produced a roll which is composed of two mil 
gloss PET with a one mil clear Avloy® topcoat. The extruded Avloy® topcoat, however, 
bound to the two mil gloss PET carrier and would not release from the carrier. 

Using the same extrusion coating conditions as above two more rolls were produced 
using Hostaphan 1545 silicone coated polyester as its carrier. While extruding the clear coat 
formulation onto the siliconized PET carrier, the extruded clear film wrapped around the 
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chill roll due to a weak bond between the extruded film and the siliconized polyester. This 
problem was resolved by exchanging the gloss chill roll for a mane chill roll, which has a 
more facile release of the extruded film. This roll was subjected to further lab evaluation. 
The reverse side of the clear Avloy® clear coat was embossed by the matte finish from the 
mane chill roll. However, when this roll was coated with a standard solvent based Avloy® 
white color coat, this coated film was dried and was then laminated (rubber roll at 400°F, 
10 ft/min) onto a primed 19 mil thick gray ABS sheet. When the carrier was removed, the 
laminated sample showed no texture from the matte chill roll. When this sample was 
thermoformed (19 seconds, 330°F surface temperature), texture from the matte roll surface 
was evident. The release of the extruded film from siliconized PET was weak, having a peel 
strength of 10 gm/in. Similar results were obtained when this clear coat formulation was 
extrusion coated onto siliconized release paper, but the extruded film replicated the texture 
of the paper stock. 

A roll using the same conditions described above with polypropylene film as a carrier 
was extrusion-coated under the same conditions. The polypropylene carrier distorts when 
the hot extrudate touches its surface, causing wrinkles in the finished film; however, extruded 
Avloy® clear coat releases easily from the polypropylene carrier. In a later trial when 
polypropylene coated paper was used as the carrier, the hot extrudate did not distort or 
wrinkle the polypropylene coated paper due to the support afforded by the paper stock. The 
Avloy® clear topcoat released easily from this carrier but it revealed texture transferred from 
the paper stock. 
Example 2 

A comparative evaluation was made between the formulation described in Example 1 
and the following formulation: 





INGREDIENTS 


PARTS 


1 


Kynar 720 

Polyvinylidene fluoride (PVDF) 
Elf Atochem North America 


70.0 


2 


VS100 

Polymethyl methacrylate (PMMA) 
Atohaas 


30.0 


3 


Cyasorb P 2098 
UV stabilizer 

2 hydroxy-4-acrylooxyethoxybenzophenone 
Cytec 


2.0 



The VS100 is a polymethyl methacrylate (PMMA), known as Plexiglas, which is 
compatible with PVDF and has a temperature/viscosity profile closely matching the Kynar 
720; this formulation was selected for superior extrusion melt strength. The VS-100 has a 
Tg of about 98-99°C, and a melt viscosity (measured in Pas-sec) at 100, 500 and 1,000 1/sec 



-21- 



BNSDOCID; <WO_ 



_9640480A1_I_> 



WO 96/40480 

PCT/US96/09893 

1 171? ^ reSpMiV ^ ; ^ Of Example 1 capped amund the gloss 

65 C and 100 C, mspecdvely. The Kynar acrylic nuio was changed from 65/35 to 70/30 
Thts fonrn.lat.on easily released from a siliconized polyester web and a high gll cM In ' 
and dnnng a later trial it released from standard polyester web. ' 
This formulation was comDounded ncino * 
10 Werner Pfleiderer m M «m7 T § SCr6W eXtmder manufactured by 

werner Pfleiderer, model 53MM, to obtain uniform blended pellets. The twin screw, ™J 
co-rotating and its configuration was designated Avery Dennison "A " T^eTl 

^2 n a r r at i6o ° f for four h ° urs — -2 ~ tapi ~ ;z 

extrusion process a vacuum vent in the compression 7nnn nf *u S 

»-ui«prcssion zone of the screw was ho»h t« 

15 the heatmg elements or zones of the eztmder were se, at: (1) 100'F f2> 360-F m «'n^ 
4> 360'F. (5, 360-F, (6, 360°F, (7, 360°F. bnt me *J£££?™ Z 

TJJ? n 36S ° F - (5) 360 ° F - (6) 355 ° F ' ro 35s ° F - ^ ~ ^2 

at 66 rpm The melt .empcatum of mis formnlation was mandated a, 355'F and a sc^n 
stream. This material was pelletized. 

The pellets were extrusion coated on a 1.42 mil high gloss silicone coated PET 

£77? t^T" 1 *" 1545 ' eX,mded ma ' e ™' »- a ™» viaeosiJX^ I£ 
500 and 1,000 1/sec of abont 803-829, 373-376 and 248-230 resnecdvlivHT T 

25 r Lr r a s r oth giossy upon "«* - ^ = 2 i^rrr 

flta rangmg from about 0. 1 mil m ahou, 2-3 mils micz. The thickness of the resuMnt JZ 
fdms are ad JU s B ble by me eztrusion coating Hue speed and .he screw speed of Z T^Z 
as desenbed previously. The polyester carrier supports the thin clear Him ^ y ' 
^onssnchascoari^aM^ons. ^^^ZXV^ 
30 T 7 '° eMraSi0n CM * 2 ° ne mil "™"«ylic clear topcoa, onto 

d^d^x^r cMrier * p-z- « 

i,.h ., u 1 " >UrS pnor to beh « f5d ** eztnider The eztmder 

"*f *— » »- « * O) 380-F, (2) 370*F, (3) 340°F. (4, 340'F tf> £o^ 
6) 340-F, (7) flange 340°F, (8) adapter I (340-F), ,8) adaptet 2 (340^, (^2 3^F 
(10) end cap 100'F, and (1 1) die 350-365°F; ute die was a T slot »„H y \, V 

manwu, umfonn melt flow across the die. The screw speed was held at l5 rL LT^ 
speed o, no h/ndn. The high gloss chill ro,l was mamtamed £££ T^L ™ 
A harder durometer and smaller diame«r nip roll produced me highest nip p^Tand Z 
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sufam gl ;; S fh fimShed . film - A 200 ™* -Ided screen pack was used to clean the melt 

LlTtof L , 2^ 3 ^ *** fita W3S wi * * -rrespondin 

weight of 38 gm/m* The finished film was a high gloss film. No corona treatment wa! 

Two rolls were produced in the above extrusion coating run; a first roll had a coating 
thickness of one mil, and a second roll had a coating thickness of 0.6-0.7 mil. The material 
was subsequently coated with a so.vent based color coat as in FIG. 3 using a white lacquer 
compnsmg 53.6 parts clear vehicle, 12.5 parts cyclohexanone solvent, 33.4 parts exterior 
white pigment and trace amounts of iron yellow, carbon black and iron red pigments The 
oven zones were set at 160°, 240", and 350°F. The line speed was held at 25 ft/min The 
apphcator ro 1 was held at 35 ft/min, and the metering roll was held at 7 ft/min. Under these 

topctlr ^ ^ COlOF C ° at ^ deP ° Sited ° m0 ** ° nC mil PV »F/acryIic 

clear l^TT ^ ^ folI ° Wing '" m *" 142 mil ^ a nominal one mil 
clear PVDF/acryhc topcoat, and a 1.0 mil color coat. This construction was laminated to 
a pruned 20 mil gray ABS backing sheet as shown in FIG 4 

A size coated ABS sheet can be made by coating the size coat formulation (described 

to IZ r te h r Carrie ^ S Sh ° Wn * 2 ***** * e -aterial 

aZ p^r n m ^ 3 F ° r teSt PUip0SeS ' Hoechst Celanese 2000 > * two mil 

gloss PET film, was coated by a reverse roll coater with the size coat material. Under these 

condmons, 6-7 gm/m* acrylic size coat is deposited on the PET carrier. This material is 

animated as shown in FIG. 3 to an extruded sheet of General Electric Cycolac LS, a 19 mil 

duck gray ABS sheet. During lamination, the acrylic size coat is transferred to the ABS 

backing sheet. The size coat formulation is shown below: 





INGREDIENTS 


PARTS 


1 


Xylene 


61.0 


2 


Acrylic resin 


29.0 


3 


MEK 


10.0 



^ a 7 hc resui ™ E'vacite 2009 from ICI Acrylics, Inc., Wilmington, Delaware 
The finished laminate was thermoformed and injection molded as illustrated in HG 6 Some 
phase separation was noted after thermoforming, resulting in drop of gloss and DOI for the 
dear coat/color coat. The foil can used as an in-mold foil, without vacuum forming for 
shallow draw parts. 
Example 3 

exrrud^ T™^ 'T^ 0 * ** ™ ^ ** phaSe P^blem. An 

extrudable clear coat polymeric material was peptized, and the pellets were fed to an 
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extruder for extrusion coating the resulting clear coat onto the surface of . , • u 
traveling past the extruder die slot. * Camer sheet 




rs2 rss- * Ex r e £ except - - — ~ ^ 
-^-^t^^s being ex r d ^ pei,ets - ^ screw w - 

s ouu ODU W and a corresponding current of 54-58 amnc tk» 

a- =~ 

Hoechs^T^! ™ "?"!" ° m ° 3 "° n,U U8h *'° ss African 
3i reSPeC ' iVely: 2 ^ KmPCra,Urc ° f atat - a Tg o at^ 

*u ' p -' 420 F ' 311(1 the screw speed was held at fin m m 

with a corresponding line settine of 3 47 tv. , . , P as neld at 60 

at 60«F for the entire run aTI ^ gl ° SS ° m ToU was maintained 

polyester web from ,h ^ 1116 eleclrica l charge left on the 
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Two rolls were produced in the above extrusion; one roll had no corona treatment, and 
the other roll was subjected to corona treatment. The film was subsequently coated with a 
solvent based color coat as in FIG. 3. This roll was reverse roll coated using a red color 
coat (see formulation below). During this run, the ambient temperature was 76 °F and the 
relative humidity was 25%. The line speed was held at 15 ft/min. The first oven zone was 
set at 240°F and the second oven zone was set at 250°F. The applicator roll ratio was held 
at 115% of line speed, and the metering roll was held at 20% of line speed. Under these 
conditions 25 gm/m 2 of dried color coat was deposited onto the one mil PVDF/acrylic 
topcoat. 





INGREDIENTS 


•'.•■'••'••'PARTS" 


1 


Clear vehicle for Avloy® color coat 


74.32 


2 


DPP Red BO 460-36351 


11.26 


3 


Magenta D-60 dispersions 


7.47 


4 


93 exterior white 


0.07 


5 


D-60 violet dispersions 


1.88 


6 


Methyl propyl ketone 


2.50 


7 


Cyclohexanone 


2.50 



This construction had the following structure: two mil gloss PET, one mil clear 
PVDF/acrylic topcoat, and 0.6 mil color coat. This construction was laminated to a primed 
20 mil gray ABS backing sheet (L1826) as shown in FIG. 4. The material was 
thermoformed and injection molded (see FIG. 6). 

These samples exhibited good gloss and a DOI above 60. (DOI is measured on the 
HunterLab Dorigon D47R-6 instrument.) The foil can also be placed in the injection mold 
without thermoforming and in-mold formed for shallow draw parts as described earlier. For 
deep draw parts the foil is first laminated to a flexible thermoplastic backing sheet, i.e. vinyl, 
urethane, or nylon. This flexible backing sheet aids in the distensibility of these foils. Such 
lamination (see FIG. 3) is performed under the lamination conditions described in Example 
2. These laminates can also be injection molded without mennoforming by preheating the 
laminate and using pressure or vacuum to cause the material to take the shape of the mold 
face prior to injection of the molten plastic. The flexible backing is selected for compatibility 
with the injection cladding resin. 
Example 4 

The following formulation of an extrudable clear coat polymeric material was 
pelletized, and the pellets were fed to an extruder for extrusion coating the resulting clear 
coat onto the surface of a carrier sheet traveling past the extruder die slot. 
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INGREDIENTS 


PARTV 




1 


Kyiiar /20 

Polyvinylidene fluoride (PVDF) 
Elf Atochem North America 


65.0 


5 


2 


VS100 ~~~ ~ " ■ 

Polymethyl methacrylate (PMMA) 
Atohaas 7 




10 


3 


Tiuuvin 234 
UV stabilizer 

Hydroxyphenylbenzotriazole 
Ciba-Geigy 


2.0 



- „„ ,. uu , p „ unaea uslI)g fte twin eltnidcr described in 

Exiles 2 and 3 t o obmto umfonrdy blended pellets. The twin ^ wemt^L 



(6) 36rF and (7, 357-F. The screw was maiutameda, '« rpn^ ™ ^ 

maimed at 355 F and a screen pack consisting of three different mesh screens: 20 40 
60 was nsedro clean the melt stream. This material was peiietized 

2000 oowL f0r ^ ,atiO ^ WaS eXmKi<,n C ° attd ° n, ° ' m ° mil bi * h «""» Aoierioan Hoechs. 
2000 polyester film. Tins polyester carrier provides a smooth glossy surface npon which me 

ho, exudate formed a thin clear film ranging from about 0.1 mil ro about 2-3 Z £ 

ft. example a 2.5 mch extender was used to extension coat a one mil PVDF/acrylic dear 

mpcoa, onu, a two mil gloss polyester carrier. The compounded pellets were 

S^T* 1 U " te h - - - ■ simuar .„ I condiuons d^rL 
m Example 3. The hrgh gloss chill roll was maintained at 60'F for me entire run. At these 
«mngs a dear one mi, thick film was produced with a corresponding weight of 38 gnW 
No corona teeatmen. was used. When a higher corona treatment was used on dte poCer 
web pnor ■„ reacbmg me extrusion coating nip, ha, f m00n defects wem noted to to Z 
™ The electrical charge left on the polyester web from me corona JZZ^Z 

no, Uhsstpate before reaching me exuusion coating nip. distorting the clear film and resmt^ 
in half moon shaped defects. ^ 

and JZ r0llS ., Were Pr ° dUCed ^ 3bOVe lab eXttUSi ° n; ° ne "° corona treatment 

and the other roll was subjected to corona treatment. The film was subsequently coated 
asolvent based blade Avloy* color coat (using a Bird bar) and was then dried ^0!^ 
based black color coat had the following formulation: 
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INGREDIENTS 


PARTS 


1 


N-methyl pyrollidone 


38.00 


2 


Elvacite 2042 


4.06 


3 


Kynar 10052 


12.00 



The resins are dissolved in the solvent under heat at 130°F. The following pigment 
dispersion is then added: e F«urciu. 





INGREDIENTS 


PARTS 


1 


Black dispersion - GCW #428-A056 


20.00 


2 


N-methyl pyrrolidone 


25.40 


3 


Exterior white 


0.54 



• « « w a " «*yw pnmea mil black ABS sheet with a 

rub er roll held at 400"F and a speed of 14 ft/nun. The resulting laminate was drapeTin 
-former for 29 seconds, and the laminate sheet reached a surface temperature of 
340 F. This draped sample was compared with a similarly prepared sample (from Example 
3) to determine relative levels of hazing. The black Avloy® prepared from the film in 
Example 3 showed the least amount of hazing, and the black Avloy® laminate prepared from 
Oie film of Example 4 showed the most hazing. No further evaluation was done; Example 
3 was deemed superior because the higher acrylic content in these formulae is believed to 
retard phase separation. 
Example 5 

A comparative evaluation was made between the formulation in Example 2 and the 
25 following formulation: 





INGREDIENTS 


PARTS 


1 


Kynar 2850 

Polyvinylidene difluoride (PVDF) 
Elf Atochem North America 


60.0 


2 


VS100 

Polymethyl methacrylate (PMMA) 
Rohm and Haas 


40.0 


3 


Tinuvin 234 
UV stabilizer 
Ciba-Geigy 


2.0 



Kynar is the extrusion grade PVDF copolymer. The Kynar 2850 has a melting 
temperature of about 155°C, a Tg of about -35 to -40«>C, and a melt viscosity (measured in 

tTp^I ' ^ l ' 000 1/S6C ° f 1 ' 170 " 1 ' 273 ' 494 - 508 - 326 " 33 ° respectively. 
The PMMA is compatible with the PVDF and its temperamre/viscosity profile closely 
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matches the Kynar 2850. This formulation was selected for better resistance to phase 
separation whtch can result in haze on the finished part. 

More specifically, the recrystallization process of Kynar resin is the principal driving 
force behtnd the phase separation process. The tnelting point of the homopolymer Kyi 

; £ ,s T er * e me,ting point of c » r ^ 2^0. 

Tm- 155-160 C. This melting point difference illustrates the higher crystallity of the 
homopolymer over the copolymer. Such a melting point difference can be explained by the 
relative structural differences of these polymers. The PVDF homopolymer is a 
polymer m which the molecules can easily align themselves in parallel fashion to form 
crystal, such as, polyethylene; whereas the random copolymer of PVDF and 

"^k ^ 3 Slmilar ^ StrUCmre ' SmCC *~ B~ chains have 
pendent-CF3, ttifluoromethyl groups which partially block the alignment of these chains 

Hence recrystallization of the Kynar resin in the finished PVDF/acrylic film resulted in more 
haze m *e fimshed part. Kynar 2850 has less tendency than Kynar 720 to crystallize 2 
produced a clearer PVDF/acrylic film upon heat against at 180°F for three days ' 
b. e n ri f * f° mU *! tion WaS com P<>^ed using a twin screw extruder to obtain uniform 
blended pellets. The two resins were dried before being extruded into pellets. During the 
extrusion process a vacuum vent in the compression zone of the screw was used to further 
remove moisture and other volatile components. The heating elements or zones of extruder 
were set at (1) 100'F, (2) 380'F, (3) 380'F, (4) 385'F, (5) 385»F, (6) 385°F and £ 
385 F The screw was maintained at 70 rpm. The melt temperature of this formulation was 
mamtamed at 380'F and a screen pack consisting of three different wire meshes (20, 40 Jd 
60) was used to clean the melt stream. This material was pelletized 

The above formulation was extrusion coated on two mil high gloss Hostaphan 2000 
polyester earner film which provides a smooth glossy surface upon which the hot extrudate 
can form a thin clear film ranging from 0. 1 mil to 2 mils thick. (The extruded material had 
a melt viscosity (Pas-sec) at 100, 500 and 1,000 1/sec of about 888, 405 and 266 
respectively; a melting temperamre of about 147°C, and a Tg of about 23-33 °C ) The 

stre™ ^r***!*" ^ b£ alterBd ^ ^ eXttUSi ° n CO *^ 1 ™ * eed - *e 
crew speed of the extruder as illustrated in FIG. 1. While faster line speeds result in a 

thinner film, faster screw speeds result in thicker films. The polyester film also acts as a 
earner to support the thin clear film in subsequent operations of coating and lamination In 
this example a 1.75 inch lab extruder was used to extrusion coat a one mil PVDF 
copolymer/acrylic clear topcoat onto a two mil high gloss polyester carrier 
to h • ^ '° mP ° Unded Pdlets Werc dried m a heater dryer at 150°F for two hours prior 

L^rLr^ extmder - 1116 extmder ten z ° nes w ^ ™ « ^ (i) 

4 OOP o Zl' ' 38 °° F ' (4> 405 ° F ' (5> 415 ° F/Cl -P' ® 420'F/tube, (7) 420°F, (8 
420 F, (9) 420»F and (10) 406'F/die; the die was coat hanger and the melt was mamtamed 
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1 at 434-F. The screw speed was held at 166 rpm with a corresponding line speed of 150 
ft/min. The high gloss chill setting was maintained at 70°F for the entire run A welded 
screen pack was used to clean the melt stream. At these settings a one mil clear coat was 
produced with a corresponding weight of 38 gmW. The finished film was high gloss but 

5 had some microgels and some small contaminants were observed. The defects were not 
objectionable in finished parts. No corona treatment was used. 

One roll of the formulation produced in the above production extrusion coating run 
was coated in the lab with a teal metallic Avloy® color coat. This material was laminated 
to primed ABS. The resulting laminate was thermoformed, die cut, and injection clad to 

10 yield a finished part. 
Example 6 

This example illustrates the extrusion coating of a non-PVDF/acrylic formulation in 
this case a thermoplastic aliphatic urethane from Morton (PN-3429). Such topcoats can' be 
used as an exterior clear coat in some exterior automotive applications or for interior 
15 automotive applications such as an interior clear coat for TC laminates. 

Morton PN3429 pellets were dried for four hours at 130«F. These dried pellets were 
extrusion coated using a pilot line extrude with a 2.5 inch single screw. All heating zones 
from feed to die were held at 325°F. The chill roll was set at 80'F and at a nip pressure 
of 20 lbs. This material was extrusion coated onto a 2 mil gloss polyester carrier 
(Hosthaphan 2000) at a screw speed of 50 rpm and a line setting of 3.0. Under these 
conditions, a 2.0 mil clear coat was coated on the polyester carrier. Increasing the line 
setting resulted in the deposition of a one mil clear coat on the polyester carrier. 
Example 7 

The purpose of this trial is to make a coextrusion sheet for a base coat/clear coat paint 

Currently a single layer ABS sheet, .020" to .030", is sized for adhesion by transfer 
laminating either at the extruder or at a separate operation with an acrylic layer (Elvacite 
2009) that has been solvent cast onto a polyester carrier. The polyester carrier is removed 
and discarded by coextruding this acrylic layer with the ABS. The need to cast the acrylic 
to a polyester carrier film on a reverse roll coater and subsequently transfer laminate it to 
ABS is eliminated, thereby simplifying the manufacture of the finished product. 

This example illustrated an alternative method of producing a primed ABS sheet which 
can be laminated with a base coat/clear coat foil to produce a laminate product. This primed 
ABS sheet has been produced by the coextrusion of a composite acrylic/ABS sheet on a thick 
film Ime. This coextrusion eliminated the need to solvent cast the acrylic size coat onto a 
polyester carrier using a reverse roll coater and subsequently laininaring this foil to ABS 
Such a coextrusion eliminated two operations in the manufacturing process of laminated 
sheet; one coating and one lamination operation. Eliminating these operations can increase 

-29- 



20 



25 film. 



30 



35 



BNSOOCID: <WO. 



9640480A1_L> 



WO 96/40480 



PCT/US96/09893 



both the laminating and coating capacity of a plant, and lower the cost and time required to 
produce the laminate. H 10 

On a thick film line, two extruders were used to coextrude a composite acrylic/ABS 
sheet. Extrude A was fed acrylic resin and not vented; whereas, extruder B was fed ABS 
resms and was vented to further remove water ant other volative gases. Both the acrylic 
resin and the ABS resin require drying of excessive moisture before extruding This is 
accomplished by drying the resin in a desiccant dryer for at least two hours at 150°F for the 
acrylic and I 170'F for the ABS. The resin needs to be below .08% moisture content to 

foT^T eXm,SIOn - TyPiC3l,y h " With moistUre conte *t between .02% 

to .04% during extrusion. 

«m H Dried rSSin ° f CaCh matCrial ^ f£d im ° ** h °PP ers on top of each 

ex^der via vacuum tubes. From the hoppers the pellets are gravity fed into the feed section 

of the extruders' barrel. It is screw fed through the barrel and heated to a molten state The 

block and then into the die of the extruder. The molten sheet exits the die and runs Lough 
a three roll calendaring (polishing) stack which polishes both sides of the sheet. As the sheet 
goes down the line it is cooled by passing it over chilled steel rolls and finally is wound up 
mto a roll. The final sheet comprises about 1.5 mil acrylic layer and a 28.5 mil ABS layer 
for a total thickness of 30 mils. 
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450 j 
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. ^ --Fw-uura was 10 improve movement of molten 

resin through the extruder by increasing melt temperature to reduce the molten viscosity 
other operating conditions were as follows: ' 
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i-'ic lcinp. 


440 °F all zones 


Melt Temp. 


408°F 


Line Speed 


39.8 ft/min ~[ 


Screw - Ext. A LD ratio 


24:1 


Screw - Ext. B LD ratio 


32:1 


Screen pack at breaker plate 


A = 2,40 mesh screens 

B = 3 @ 20, 40 & 60 mesh screens 


Polished roll temperature 


START 


END 


TOP 


170 


170 


MIDDLE 


150 


^ 150 


BOTTOM 


145 


180 



The reason for change in the middle and bottom from start to end was to set the sheet 
in calendar stack. Extruder "A" was not vented - "B" was vented for moisture and gas 
removal. 





START 


■ END, 


Screw speed (rpm) A 


8.4 


6.5 


B 


64.2 


7.5 


Back pressure (psi) A 


3,010 


2,920 


B 


4,240 


4,390 


Coextruder thickness (mil) 






A layer 


2.5 


1.5 


B layer 


27.5 


28.5 



35 



Two base coat/clear coat films (mid-gloss black and emerald green) were fed into the 
calendaring stack and laminated to the acrylic side of the coextrusion. The carrier was then 
removed. This combines the coextrusion of the sized backing sheet with the lamination of 
base coat/clear coat foil so the resulting laminate is ready to be thermoformed prior to 
subsequent molding of exterior automotive parts. 
Example 8 

The following formulation of an extrudable color coat material was pelletized, and the 
pellets were fed into an extruder in an extrusion coating station. The extruded color coat was 
deposited on the extrusion coated web passing below extruder die slot. 
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Kynar 720 

Polyvinylidene fluoride 
Atochem 



INGREDIENTS 




VS100 

Polymethyl methacrylate (PMMA) 



PARTS 



32.0 



■wk vacuum vent in the compression zone of the screw was used »« 

further remove moisture and volatile comnonem* n~ w • „ • 

fed inm rh^ „w ^ ^ components. The dried resins of the color coat were 

at 64 rpm usine finn-*7n up ^ w;J/u r. The screw was maintained 

peHettzed. Press cms were used ,o monitor «be unifonnity of the blend 

form a^ ^ f ° nnUlatl0n WaS ramsi0 " <™*« onto an extrusion clear topcoatod web to 

STX ^ed 00 " T ^ *" ^ " ith * «™«ng weign'of 44 gnW 

^LZ^tZT^^" " 7 dew 1500p for e * ^ 

7116 2 5 mch extruder was held at 60 rpm and the five 
heating zones were set at: (1) 390»F, (2) 400°F, (3) 410T (4) 420°F fT^P £ 

roll was laminated to 30 mil primed black ARS „ J 1 7 ' ( } ° R 11118 

F K ABS on ™ e Acromark (400°F s 

was also laminated to primed grav ARS to u * ' mm); lt 

thermofonned. * ^ fOT ° paClty - ,amin *e S were 

invention to the JSSTS^ ^ " ~" ° f " 
co . r,™" 2 SChematicaIly iUustrates ° ne embodiment of the invention in which the clear 

The clear coat preferably comprises a solid polymeric marerial that can be e,,™™ 
as a transparent fun,. Tbe pontic ma«a, can comprise vartoul^ u^t 
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vinyls, fluoropolymers, and blends thereof. Polyvinylidene fluoride (PVDF) and polyvinyl 
fluor.de (PVF) are preferred fluoropolymers. A presently preferred extrudable polymeric 
material comprises a blend of PVDF and acrylic resins. The preferred acrylic resin is a 
polymethyl methacrylate polymer (PMMA), although a polyethyl methacrylate polymer 
(PEMA) also can be used. In a presently preferred formulation, the clear coat material 
comprises from approximately 50 to 75 percent PVDF and from approximately 25 to 50 
percent acrylic resin, by weight of the total solids present in the PVDF/acrylic formulation 
These solids ranges are based on the relative proportions of the PVDF and acrylic 
components only in the clear coat formulation. Other minor amounts of solids such as UV 
stabilizers, pigments, and fillers also may be contained in the clear coat formulation 

In one embodiment the dry film thickness of the topcoat is approximately 0 1 to 1 5 
mils. The preferred topcoat formulation produces a dry film form exterior weatherable 
coating having desired properties of hardness and abrasion resistance, along with 
weatherability properties such as UV resistance and resistance to water and humidity 
exposure. The topcoat formulation also enhances having transferred to it a low gloss surface 
from a matte release coat described below. In one embodiment, the topcoat is formulated 
from a thermoplastic synthetic resinous coating which, in dry film form, softens and deforms 
under elevated temperatures so that three-dimensional impressions can be formed in its 
exterior surface during the embossing step, while replicating the micro-roughness from the 
20 matte release coat to produce the low gloss surface. 

The clear coat polymer blend is preformed as an extrudable material in pellet form 
fed from a hopper to an extruder having an extruder die above the surface of the carrier 
sheet. The carrier sheet is provided as a supply roll and is unwound and travels at a high 
lme speed past the extruder. In one embodiment, line speed exceeds 200 feet per minute 
The die extrudes a coating of the melted polymeric material through a narrow slot that 
uniformly coats the carrier sheet which is continuously moving at high speed past the 
extruder die slot. The entire thickness of the coating is immediately cooled thereafter as 
described below. The extrusion carrier is wound as a take-up roll. 

Referring to FIG. 2, the supply roll of the carrier film is shown with the carrier sheet 
passmg around a series of rolls prior to applying a release coat to the surface of the carrier 
by a conventional gravure cylinder. The release coat is preferably a thermosetting resinous 
material which, when exposed to heat for drying it, also crosslinks and permanently bonds 
as a surface film adhered to the carrier sheet. The solids contained in the matte release coat 
preferably include, as a principal component, one or more crosslinking agents to provide 
good adhesion of the dried crosslinked coating to the polyester carrier film. In one 
embodiment, the matte release coat formulation includes a primary crosslinking resin such 
as a vmyl resin that bonds to the polyester film. A suitable vinyl resin is a medium 
molecular weight vinylchloride-vinylacetate resin known at VAGH, described in more detail 
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* tk;. , "ui^jru ij iz^o also descnbed in more detail in Exarnni^ 

8. This secondary crosslinking resin comprises from about 5% to about 207 Z** 
solids of the matte release coat Th P , % of total 

tolal solids in to mane releJcoat ' tyP,Ca " y COmpr,Sm8 from 1 % to 4% of the 

in .he ronton. A secondary resin solveM ^ „ ^^^Tj^T 
relaratag crosslinking of the resins in solmi™, n,. Pmpy 1 aiconol OPOH) is useful in 
15 about s« ,o ahou, 20* o, *e ,L „f^ M ~" ™* f ™ 

resin ta^LT^ T^" 0 " * dteo,vu « *» blinking 

c ™„™ Pnma,y "* SeC ° ndary resin ^ -tilting and ton adding to secondary 

crosshnkuig ream, together wilh a primary maning agent, preferabiy in the form oTa^er 

20 compnaes mununnm silicate with an average pardeie size of about 4.8 mic™ £ £ 

Z*f r !f PartKUl ' te fiUer is ,horo >"* 1 )' ««^^<i in the resin and resin solvent 
blend, preferably under elevated temperatures from about 100-P to 120'F 

* coaung^r^ofToirs^r^rj^ — 
a^e^of,,,^, ^r^^jrgrr^^rr 

of the matte release eoat to fotm. on a mieroscopic seale a surface win, J^T T 
~ers to to surfaee o, to dried topcoat '^Z^Z^SZ 
hgh. scatrermg, resulting in a low surface gloss on the topcoat tna. produces 

' ' releasin^toT -T ■"" f ° m "" il ' i0n ' rcfcase *~ «° "nance freely 

reusing to earner and tts made release coat from to topcoat during me transfer process 

ml Tl PKferably **** 8 ™ COmpOIK "' -* - • P°Uytne Z^Z 
md B a, eTevated temperamre to allow easy hot re>ease of to re,L coat. T ™ 

«>mponent is normally appended m to mane release coat a. temperatures betow to 
5 temperature where to polychylene wax win star, ,o swell or diasoive m to"wen7 
A significant viscosity increase can be observed above 90'F hv* ra «™ ,r f 
d^olvh.oftopo.yethylenewa, ^J^T^^T^ 
form, acts aa a mane agent to enhance transfer of to ,ow surface £. to to Z^T 
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The temperature of the extrusion at the transfer-embossing point of the process heats the 
lammate (uicluding the release coat) to melt the wax sufficiently for it to enhance the release 
properties of the matte release coat. Preferably, the melting point of the wax is below the 
temperature at which the release-coated carrier is stripped from the laminate. In a preferred 
polyethylene wax known as Shamrock S-381-N1 (described in Example 8 below), the melting 
point of the wax is about 206°F. Stripping of the release-coated carrier can be carried out 
at lower temperatures but at about 80°F to 140'F above the melt point of the wax, the wax 
further enhances release. 

The wax, which melts at relatively higher temperatures as it dries, can have a 
crystalline or semi-crystalline structure, and at relatively lower temperatures is believed to 
crystallize and reform particles which affect the matte transferred to the laminate In one 
preferred form of the release coat formulation, the polyethylene wax comprises from 12% 
to approximately 25% of the solids contained in the matte release coat. 

The release agent contained in the matte release coat formulation further includes a 
silicone resin component which combines with the polyethylene wax to enhance free release 
of the clear coat from the matte release coat at elevated temperatures. In one embodiment 
the silicone resm comprises from approximately 2.5% to 25% of the solids contained in the 
matte release coat formulation. Release is improved and the lower gloss is transferred when 
the wax and silicone resin are used in combination in the matte release coat. 

FIG. 17 is a schematic diagram illustrating successive steps used in one embodiment 
to apply multiple coatings to the extruded PVDF/acrylic transparent film to produce a 
decorauve foil having a wood grain appearance. In the illustrated process there are two 
wood gram print stages 250 and 252, followed by two continuous color coat stages 254 and 
256 and a continuous size coat stage 258. 

The wood grain print coats can be formulated from a thermoplastic synthetic resinous 
coating composition containing an acrylic resin, such as polymethyl methacrylate or polyethyl 
methacrylate, or mixtures thereof, including methacrylate copolymer resins and minor 
amounts of other co-monomers; or the print coats can be made from a fluoropolymer resin 
such as polyvinylidene fluoride (PVDF) or polyvinyl fluoride (PVF); or the print coats can 
be formulated of blends of fluoropolymer and acrylic resins. The level of pigmentation in 
the coating can range up to about 40% by volume on a solids basis, depending upon the 
depth of color needed for the particular wood grain pattern being printed However less 
than about 10% pigment by volume is preferred. The dry coat weight of the wood grain 
print coats ranges from about 0.1 to about 2.0 gm/m 2 . Example 8 below describes in more 
detail the pigments that can be used in the wood grain printing inks. 

Referring again to FIG. 17, the foil containing the dried wood grain print coats passes 
from the second drying oven 252 to a gravure print station where a first color coat is coated 
on the finished, dried second grain wood grain print coat. After first color coat is dried a 
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second color coat is applied in the fourth gravure station 256 Th. ™. 
through an Ringing air oven operate / at . ^^ of ^^T^ 
second color coat. The foil containing th, ™. f ° r drym « ^ 

oven 256 to a gravure pZs^ZT, 7 ~ " ^ ^ fOUrth d ^ 
size coat is then ^JZTl Z^r Z °** ^ * 

225°F for drying the size coat Th/ ■■ P d 31 3 tem P eratur e of about 

contain pigZnfup ^ aooTiV *1 ! ^ ? ^ ^ * g ^ c ^der and can 

preferred ^! h h * ^ * V ° 1Ume ' aIthou S h Iess ^ 10% by volume is 

preferred. The dned coat we.ght of the size coat ranges from about 1 to 3 gx/m* 

during the process. The s^ ooTZtH § ' ^ ^ ^ ° Ut ,ater 

™ 

methacrylate or polyethyl met^crylate-containS ^ Z^l 

sufficient for providing a good bond to an exZonH " a pTc ~ » * 

in certain instances in which a backing sheet mav h,» <v , ' 

10% ,o about 60% by ^ighfof cm ^■ C ° at,n8 COm, ' OS " i ' ,, ' 

woigbt solvent comspomlm^y, about 50% ,„ about 90% by 

in FIG. 19 ThC C ° m P Ieted fo « " "l«strated in cross-section 
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roller pattern to be physically transferred through the carrier film to the topcoat, while still 
maintaining a carrier film strength sufficient to be hot stripped from the embossed topcoat 
at a stripping station 267 downstream from the embossing station. 

When the decorative foil is pressed into contact with the extruded sheet, the extrusion 
temperature is also sufficiently elevated to bond the foil to the extruded sheet. The polyester 
earner sheet has a heat resistance well above the extrusion die exit temperature, so the 
earner resists elongation or deformation during the transfer and embossing step. 

Following the embossing and transfer step, the flexible, laminated embossed extruded 
film 268 undergoes controlled cooling from the nip of the embossing roll to the point where 
the carrier is stripped from the laminate. A series of water-cooled chill rollers 270 produce 
a controlled temperature reduction in the laminate. The laminate is cooled to a temperature 
m the range from about 295T to about 340°F occurring at the point where the carrier film 
is stripped from the laminate. The preferred stripping temperature is about 3 10°F. Cooling 
to the lower temperature also sets the impressions embossed in the laminate. If the 
temperature stays too high, flowability of the laminate can cause the impressions to smooth 
out. The temperature drop also enhances freely removing the carrier from the laminate. 

The matte release coat, which has been crosslinked and permanently bonded to the 
carrier sheet, remains adhered to the carrier film during the stripping process. The matte 
release coat has a chemical matte outer surface with a micro-roughness which transfers a low 
gloss surface to the topcoat. The micro-roughness of the matte coat is replicated to transfer 
a sufficiently low gloss to resemble the appearance of natural wood grain. However, other 
gloss levels also can be produced. The formulation of the matte release coat provides a 
combination of the desired low gloss surface, together with a smooth or free release of the 
carrier sheet from the replicated low gloss surface at elevated stripping temperatures. 

Following stripping of the carrier sheet, the decorated, embossed sheet passes from 
the cooling rolls to a forming station using forming dies to shape the edges of the sheet and 
punch mounting holes at desired intervals. Further cooling occurs between stripping of the 
carrier and the forming station. The formed sheet is then passed to cutting station for cutting 
the sheet into separate panels. A finished panel is illustrated schematically in FIG. 20. 

One embodiment of this invention comprises a process for making solid color siding 
panels. FIG. 12 schematically illustrates initial steps in this embodiment of the invention in 
which a clear coat/color coat coextrusion is extrusion coated from the extrusion die 192 onto 
the thermoplastic substrate 184. The substrate in this embodiment is preferably a 
thermoplastic material 4 to 40 mils thick. The substrate can be an extruded rigid pigmented 
PVC compound with a thin coextruded acrylic tie layer extrusion as a coextrusion from the 
extruder die 176. The substrate polymer compound is preformed as an extendable material 
in pellet or dry flowable powder form from the hopper into the extruder to the feed block 
and die. The coextrusion die is adjacent to the calendar stack of three temperature controlled 
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=o,^^^ 

middle rol, „ u set a, Una 

about * JT^"" ?' 0r PVC ^ -* - "-"bad above is prMenrt-ty 
weatnerable extrusion coats extruded from the die 192 

. J* Clea 7,° at Prcferably C ° mpriSeS a SOlid P°* meric ^rial that can be extruded 
as a transparent film, and polyvinylidene fluoride (PVDF) and polyviny, fluoride (P^ 'e 
the preferred fluoropolyiners. A presently preferred extrudabl IJS^S^Z 
application comprises a blend of PVDF and acrylic resins The 

polymethyl methacrylate polymer (PMMA) II u7hT ^ Tf ^ * * 

(PEMA) also can be u sed I„ a p^mt nrefeZ f P ° Iymer 

presently preferred formulation the clear coat ro atp«oi 
compnses approximafely 50 «o 75 percen. by weigh, PVDF and ta ^X^! 
50 percen, acrylic resin, by weigh, of the tota! resin solids preae« in Z , 
ortmuation. These solids ranges are based on Ore re M ve ^ZZ of tbTpvDF^ld 

C^T I " gmCnB • ""^ ^ ,My ta COMataed ta *■ *- — formulanT 
The color coat may comprise the same resinous materials as the clear ™TZ? 

whBh pigmentt have added The level „f ™ • ■ " OT coat and to 

•in lne level o f Pigmentation m die color coa, is tvDicallv tn >„ 

fed * '"VT ^ COa ' Pref0nned 35 » «<nt«able material in peUet form 

SrSSLST Cl ^. COa r d exm,ded colOT — «- Mvidually fed too the feed 

and the color coat thickness can be 0 3 to 2 n miic * 0 

can oe u.3 to 2.0 mils. The preferred thickness is 0.6 mil for 
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the color coat and 0.4 mil for the clear coat. Extrusion temperature is in excess of 350°F 
and in some instances can approach 475°F. The entire thickness of the coated substrate is 
cooled immediately while in contact with the chill roll 196, The extruded substrate is wound 
as the take-up roll 204. (In this instance, the high gloss carrier 200, referred to earlier in 
the process described in FIG. 12, is not used to control gloss.) 

The rigid PVC substrate with the weatherable solid color finish is next installed at the 
unwind station 262 of the extruder-laminator shown in FIG. 18. Referring again to FIG 18 
during the lamination embossing step, the weatherable solid color substrate is fed into the nip 
of the embossing roll 264 so that the weatherable finish is in pressure contact with the metal 
embossing roll and the substrate contacts the molten PVC extrusion. The embossing roll 
unpnnts a three-dimensional pattern of impressions in the outer surface of the topcoat 
Embossing is done in contact with the weatherable top cap and relies on heat from the molten 
PVC to supply the heat for embossing the impressions. If necessary, the weatherable 
finished substrate can be preheated with IR heaters or a heated roll to allow the weatherable 
solid color finished substrate to accept the imprint from the embossing roll. When exiting 
the embossing nip the substrate of the weatherable top cap is permanently fused to the 
extruded PVC material. In this embodiment no carrier sheet is used and the surface 
properties of the finished panel are controlled by the embossing process. After embossing 
die weatherable solid color siding material proceeds to forming dies where the siding is 
formed by shaping the edges, the siding is chilled in a water bath, mounting holes are 
punched, and the siding panel is cut to the desired size. As an alternative, and as mentioned 
previously, the extrusion coated vinyl siding panels can be made without adding the 
embossments. 
Example 9 

25 A matte release coat was formulated as follows: 
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5 203 ST C °^ nentS ° f ^ fOrmulati0ns are bribed in more detail in U.S. Patent No 
5,203,941, which is incorporated herein by reference. 

hlenrf H COmpOSitk>n 1 Was I™*"* 1 * living the VAGH resin in an MIBK and IPOH 

ris^OP ^7" ^ Sandmil,6d ^ 3 temPeramre ° f ab ° Ut 110 ° F * asperse 
tne ASP400P. The release coat was prepared by blending compositions 1 and 2 and ri™ 

sr : rr* components * ° rder wwfe ^ - ' .«».,«■. . cii^r 

Care must be taken to avoid heating the release coat to greater than 90-F m T 
and/or partially dissolving the Shamrock 381-N1 wax. S^^LT^S 
release coat be used within 24 hours at normal process conditions ^ 
An extrusion PVDF/acrylic was compounded from the following components- 
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COMPONENTS 


PARTS 


Extrusion Coating Kynar 720 


68.4 


VS100 


29.6 


Cyasorb 2098 


2.0 




100.0 



This extrusion coating formulation was compounded using the twin screw Werner 
Pfleiderer Model 53MM extruder to obtain pellets of uniform blend. The twin screws were 
co-rotating and its configuration was designated Avery Dennison "A. " The two resins were 
dried in a dryer at 160°F for four hours before being extruded into pellets. During the 
extrusion process the vacuum vent in the compression zone of the screw was used to further 
remove moisture and other volatile components. The feed into the extruder was starved, and 
the heating elements or zones of extruder were set at (1) 100°F, (2) 360°F (3) 360°F (4) 
360°F (5) 360°F (6) 360°F (7) 360"F but the observed values were (1) 108«F (2) 360»F 
(3) 374-F, (4) 366°F, (5) 360'F, (6) 355«F, (7) 358»F. The screw was maintained at 66 
rpm using 680 H.P. and a corresponding current of 52-54 amps. The melt temperature of 
this formulation was maintained at 355°F and a screen pack consisting of three different wire 
meshes: 20, 40 and 60 was used to clean the melt stream. This material was pelletized. 

A clear ink and color coat vehicle was prepared from the following formulation: 
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The ink vehicle was made by dissolving the Kynar 7201, Elvacite 2010, and Tinuvin 
234 in MEK and MPK, and heating to 130°F to completely dissolve the Elvacite 2010 The 
gram inks and color coats were prepared by blending components in the above ratios adjusted 
to match the color standard. The size coat was prepared by dissolving the Elvacite 2010 in 
the toluene and IPOH at 130°F while mixing in the Degussa TS-100. 
Preparation nf the Wood Orain Printed Transfer Foil 

The matte release coat was gravure coated with a 100HK gravure cylinder pattern at 
a coat weight (dried) of 5.0 gr/m* onto a 60 gauge oriented gloss polyester carrier sheet 
using the processing steps illustrated in FIG. 2. The carrier comprised Skyrol SM30, sold 
by SKC America, Inc., traveling at 200 feet per minute. The release coat was dried and 
crosslinked in a 20 foot impinging-air oven (Oven 1) at an air temperature of 340»F The 
release coated carrier was then cooled and wound as a roll. In a preferred configuration 
(FIG. 2) the release coat and extrusion clear coat are applied in tandem. 

The release coated carrier sheet was provided as a supply roll and was unwound at a 
high speed through an extrusion coating station. As the carrier sheet moved at a high rate 
of speed, compounded pellets of PVDF/acrylic enter an extruder through hopper In the 
extruder, external heaters and mechanical energy from the rotating screw heated the 
compound to above its melt temperature and forced it through the slot die as a flow of the 
polymeric material at 420»F. The extrudate flows downward and contacts the release coated 
earner sheet and a Teflon® coated cooling drum at the nip point between the rubber backup 
roll and the Teflon® coated cooling drum. As the extrudate approaches the nip point the 
high line speed accelerates the flow of the extrudate and draws it into a 0.4 mil thick film 
while, with high nip pressure of about 200 pounds per linear inch and the molten properties 
of the polymer, the film replicates the surface of the matte release coat. Cooling water at 
70°F chills the clear coat and removes the excess heat from the process. The release coated 
PET with extruded clear coat is then removed from the surface of the Teflon® coated drum 
and wound on a rewind. 

The rewound roll is removed from the second coater and set up on the unwind station 
a third coater (FIG. 17). The clear coated side of the coated film was then gravure printed 
at a speed of 200 feet per minute with a series of two grain prints, two color coats, and a 
size coat. The drying oven temperatures were 250»F. The grain inks and color coats 
(formulations described above) were made by pigmenting the Kynar 7201/Elvacite 2010 clear 
vehicle above with pigment concentrates made with mixed metal oxide (MMO) pigments 
These mixed metal oxide pigment concentrates were supplied by Gibraltar Chemical Works 
35 South Holland, Illinois. 

The use of mixed metal oxide pigments in the wood grain print inks and color coats 
is desirable because of the excellent durability of mixed metal oxides and the availability of 
an infrared-reflective mixed metal black pigment which minimizes heat build-up in the wood 
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The color coats serve not only as a background color for the wood arain nan*™ I. , 
ate used to b,oc k naurra, UV hgh, Iron, asking the vinyl h/J^H^n. 

^~acrvH 7 ° VCr S dUrab ' e mMal ~ *~ * "Vh'oc^ 
Production of EaataeBta! p*""* ""ir n-i-m- vi-»| gp . nr 

a. a spLT^ f 8 COnSm,Cti0n ^ OTnKted " 3 Km "— 400'F 
- co^alnedregrutds. ^^JLZZSZZlZZZZZ^ 
Higher filler, and regnnd in the bottom layer combined to lower the coot nf * "T 

Th,. pmKn- • S m a 12 5 mch diameter metal embossing roller 

The embossing station was positioned approximately five inches from the extrudefd" exit 
op^mng. THe polyester carrier sheet surface was in contact with the metal e^ g * 
and the size coat was in contact with the extruded film g r ° Uer ' 

The embossing roll imprinted a three-dimensional pattern in the transfer-decorated film 
which sunulated wood grain in the form of painted wood with random « 
directum of various lengths, widths and depths spaced apart about 1 to 2 Z 
peak-to-valley height of about 20 to 120 microns Th-ZZ V " 
^viewed in oblige light, the JZ?£Z£ S^TZl * 
> natural painted wood viewed at the same angle. 

The extruded sheet was cooled to a temperature of about 308»F before strim,™ ,h. 
^film from the decorated vinyl sheet at a stripping stafion dowl^m"™ 
and embossing station. The carrier film had a sufficient thickness (60 gauge oTo^O^Z 
allow the metal embossing roller pattern to be transferred while maLtainZ Zri 1 
to be hot stripped from the clear coat at a temperature of 308° F Z e Zl 

vmyrmatenal proceeded to forming dies where the siding was formed by shaping di^^ 
punching mounting holes, and then cutting to size. 8 ' 
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1 Vinyl siding produced by this process in this release coat had 75 degree gloss readings 

of 18-20 gloss units, giving the appearance of natural painted or stained wood. Surface gloss 
was measured by ASTM test D 3679-86, 5.11. 
Example 10 

5 FIG. 2 schematically illustrates the first step in a process in which the color coat is 

coextruded, along with an acrylic size coat, onto the release coat described in Example 8. 
The color coat is extruded on the release coat surface of 0.6 mil polyester film with the size 
coat contacting the Teflon® coated cooling roll. The color coat thickness can be 0.5 to 2.0 
mils, but in a preferred embodiment the color coat is a 1.0 mU thick film weighing 45 

10 gm/m . The color coat is designed to block 100 percent of UV radiation. After cooling the 
foil is wound on a take-up roll. 

The color coat with size fonnulation as described above is next placed on the unwind 
stand of the extruder-laminator shown in FIG. 18. During the transfer embossing step, the 
solid color transfer foil is fed to the nip of the embossing roller where the size coat on the 

15 foil is in pressure contact with the molten extruded plastic film. The embossing roll imprints 
a three dimensional pattern of impressions in the outer surface of the color coat. Embossing 
is done through the depth of the carrier film. Since embossing is carried out when the 
extruded sheet is at a temperature below, but reasonably close to its extrusion die exit 
temperature, the extrusion is sufficiently pliable to facilitate embossing deep three 

20 dimensional impressions (up to an average depth of about 120 microns) through the carrier 
film and into the depth of the topcoat on the surface of the extruded sheet. The carrier film 
acts as a thermal barrier and is sufficiently thin (about 0.48-0.75 mil) to cause the metal 
embossing roller pattern to be physically transferred through the carrier film to the topcoat. 
The carrier still maintains a carrier film strength sufficient to be hot stripped from the 

25 embossed topcoat at the stripping station downstream from the embossing station. 

The preferred plastic extruded in the extrusion laminator is a typical coextruded PVC 
substrate material used to make vinyl siding panels. A low cost substrate material has the 
following formulation: 
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MATERIAL ' 


1 v/xvivi ui^ A lllflN 

parts/hundred 
resin 


PVC resin 


100.0 


Total niffment 


3.0 


Irn*D2Ct mnrl i'fiA'r 


5.0 


Heat stabilizer 


1 9 

A 


Process aids 


0.5 


Calcium stearate 




Calcium carbonate 


10.0 




120.9 



,h,r • lTj J K>uu '™ re ancient p,gmentaUon by itself to make siding panels but 

*e fitushed combination is sufficient beeause the solid oolor laminated film (de^oeTa^ 
has sufficient pigmentation to block all UV radiation ard to provide rCire^S ^ 
compound can be dry Wended and fed into me extruder hopper as a 

TV process illustrated in FIG. 16 depicts a further embodiment of the invention 
steer aTure 7 »' a clear coat a color coat, a sizeco^a o^ 

l< r-H . extrusion line is equipped with four extruders. One extruder 

fed "a"*"* *« "»<«ial such as ABS, polycarbonate TOO or PCTr. a , 
extruder is fed size coat materials such as PMMA PEMA or CPO 4 ^ 

a PVDF/acryhc color coat, and the fourm extruder is fed a PVDF/acrvIic clea^Zr ^ 
meh from these extruders is fed into a feed block which eomrok the telaTe 0 
each component tn the ftna! coexttuded laminate strucmre. A preferred ratio i^TT 1 
^noned me.t flows to me die where h is extruded. The coextruded laminated 
is then fed horizontally tnto a set opening between the top and middle rolls of a tnr* ^ 
calendar sack where a high gloss polyester carrier is laminated to the ctear c l , 
|he laminate. This laminate, along with the PET eerier is then ^ IZ^ZTf 

of ** - rou - «** - - «— 0™^ .o": 
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Example 1 1 

tilustrated m FIG. 21. A coexttuston melt 280 comprising a clear coat and a primer coat is 
!™ 0M0 3 2 mU ** POly««r sheet, such as Hostephau 2000 from 

Amencan Hoechst. This process used an extrusion coating station equipped with Z 

— is ?T eXm,d£r " ^ 3 *" ^ " ta * 

"7*7 " f* 2 P™"*"* primer acts as a tie between sheet PVDF/acrylic clear coa, 
and the co.or coat. The me., stream from bom extruders is fed into a feed block- the 
paruuoned mel, then flowed to , die 282. This mel, is exm*ion coated * 
sheet such that the dear coa, is in contec, whh PET. The polymeric materials con^Tta 
the pruner cons*, pnmarily of acrylic and/or vinyl reams. The preferred acrylic resin is 
polyethy. methacryiate (PEMA). Odrer minor amoums of solids such as W 
prgmen., and finer* may a!so be presen, in the prime coa, formnUUon. The prm^ 
Tct"Z Side ° f,he "* 286 ' — » — * chemica, bond wim 

After the prime coat is applied, the coated carrier sheet 288 passes to anorher extrusion 
coaung operauon 290 where an extiusion coated co,or coa, is apphed front an exuTrd" 
292,ofl K prnnecoa,s,deof teweb. This coior coa, can comprise varions resins, inclnding 
PVDF, acrybc, PVC, and uretbane, plus other additives and fillers, inciting pigment bj 
stabilizers, and light stabilizers, pigments, neat 

„„ J?" Web I ,1 " n passes "> a Lmtod »« *™ where a pressure sensitive transfer 
tepe 296 is apphed «o the color coa, aide of the web. The laminating station inehrdes the 
heated drum and pressure roll described previously. The transfer <ape had been previously 
coated ustng convennonal reverse roU coating techniques, and is protected by a release coa J 

ZZ^Z rill 30^ eXm,Si0n ** adheSiVe — * — *» 300 * — *— 

This construction was used in an exterior automotive application where pressure 
sensmve films are typmally used, and retained high g lo ss and DOI 

Thus, the invention has been described in relation to its uses in the manufacture of 
extenor automotive body panels and extruded plastic sidtag panels, although <*her uses are 

rOrtZpJT " "* d °° r m0ldi,,gS • gU ' KrS ^ ^ "«—. 

Example 12 

Two trials were conducted in which substrates were coextruded with a size layer for 
laminating to exterior dry paint films. 

In one trial a one mil urethane modified polyethylene adhesive layer (MOE 2 Elf 

t^TJZr^T ^ 3 ^ m0difled * (Admere SF-700. 

Mitsui), both of which were coextruded with an 18 mil TPO backing sheet (a polypropylene 
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1 Dexflex, DNS Plastics International) l n another trial * 

polyethylene adhesive layer (MOB 2, L clZl X c^JZTT, T" 
tie layer (Admere SF-700) both of whM, modified polyethylene 

coat (0.5 mil ted) pate film havtas a Tl ^ ^i '^^ 0 ' 0 ' 

mo^ ^ z :z z r ^ (3> a one - 

* u The urethane modified polyethylene adhesive I*,,— . 

15 Compounding of the resin can be a critical asoect of «, • 

pntfened fonnulation fo, me smning materia! SL^ET A 

comprises a 60/40 blend of PVDF and PMMA aloL wS^ fT-, nbed be " >W 

255 of the totiti blend. Other formation^ be Z T, L X COmPriStaS *" 

thickness was about one mil low> coat 

fiction a. high elusion ^J*. c^Tof 'ZZTnS^L" " 

materia, may'cause ge,^!^ ^itfT " * * 

Vamnom m processing can reduce the formation of defects caused bv uel form„«n„ 
35 . the extruded clear film. As mentioned, gel formal ft„ m ti^T^P co!,l!T 

mam comributor to defectt, and one app roa ch is to remove hZv • ZT " n 

by a two-step melt extrusion process in which tire PVDF ^su^Tle" £ 
«wo-s*p process involves: hea, history , - making ^ from J W 
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stabilizer, in the absence of PVDF, followed by heat history 2 - making the extruded film 
m which the PVDF is dry-blended with the pellets made in the first processing step This 
avoids the one "heat history" of subjecting the PVDF to heat in producing pellets from the 
PVDF along with the acrylic and UV stabilizer. Tests have shown that films with too high 
a level of defects were made by melt blending the PVDF, acrylic and UV stabilizer together 
to make pellets because of the high shear required to properly blend the components. 

In one experimental test for making an extruded film, a twin-screw extruder was used 
Twin-screw extruders can have an advantage over single-screw extruders because they can 
nux the materials at low shear, which minimizes temperature rise during compounding This 
extrusion trial involved pellets made by removing the one "heat history" of the PVDF from 
the compounded material. The UV stabilizer Tinuvin 234 (Ciba Geigy) in powder form was 
distributed in an acrylic component comprising VS-100 (Rohm and Haas) PMMA in pellet 
form. These materials were extruded in a first pass through the extruder to form pellets 
while avoiding exposing the PVDF to one extrusion pass. A high extrusion temperature 
above the gel temperature of the PVDF (in order to properly blend the acrylic and UV 
stabilizer) can be used in the first pass because of the absence of the PVDF. In one trial this 
temperature was 460°F. An extrusion-grade PVDF (Kynar 720) was added in pellet form 
to the second extrusion pass in which an extruded clear film having low gels and defects was 
produced when extruded at 400»F. In one trial in which a one mil thick clear coat film was 
extruded onto a PET carrier, defects were observed to drop fourfold (from a 50 to 60 gel 
count to a 10 to 15 gel count) when compared with a trial involving initially making the 
PVDF in pellet form and extruding all three components together, followed by extruding the 
resultant material into a film. 

As an alternative to a twin-screw extruder, a single-screw extruder was designed which 
permitted extrusion of the film at lower shear and a lower melt temperature. The extruder 
flights were designed to increase output and reduce melt temperatures. A low-corrosion 
Chromalloy material was used for the screw extruder. The extruder comprised a 2 1/2-inch 
Black Clawson single-screw extruder at 30:1 L/D. The extruder flights were reduced and 
the tolerance between the extruder and the inside of the extruder barrel was increased 
slightly, both of which reduced the abrasion that causes shear and temperature build-up 
during extrusion. Clear films one mil in thickness were produced on a PET carrier with 
greatly reduced gels and defects. In one trial, considered the most successful to date for this 
extruder, extruder screw speed was 68 rpm, extrusion melt temperature was about 400-410T 
at the extruder die opening, barrel temperature of the extruder was about 370-380°F melt 
pressure was about 2,800 psi, and the chill roll was operated at 75°F. Line speed was 135 
ft/mm at a web width of 51 inches. A defect count in the range of 3-15 was produced, based 
on a C-charting test method described below. It was observed generally that the extruded 
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which comes direct fem the ^ wten .JSS^?!^^""^*- 

In one test, 86.4% powder-form PVDF m<r ©a^vta 
compared into priBs . ^ priIls _ ££££££ .lit™ 

a tempLute rise of LTl^ " "T* 1 ™ CMnPM,ed M 2 ' 4 °° 1« »** 
lii , ' 130 F ' 1115 P^ccss avoids subjecting the PVDF to shrar 

high temperature normally involved in malting pellets to shear and 

PVDF/aerXeLZT " ^ *" fUmS ' **» « 

opening so as to nunimize melt travel A sj7„ u "he die inlet 

was placed benveen me l^T^r 8 "T™ "~ 

disrance between the extruder nude" 2 ^J^l d^T, "* 
man about Too feet. This large six-inch ^mlTT f "P 6 "* 8 WM ,ess 

low nm, which in one trial was £IZ t «*«■« was operated a, a 

whh the eluded rn^T Z^£Z* ^ ^ — ' 

■ow ahear. Temper of the extruded materia, w ^ att^^^wt 
450 F gel temperature of the PVDF component Prvfpr™, below the 

coat film was essentially defect-fme 1~ !T h , eX<rUded clear 

The low defect level Z am*^ ,h^T , ™ 1«M70 ft/min. 

operating a, me same ^^^^ rT^^^^^^ 

temperature and shear. Generally Z£T m «T *** ° f ^ 

wcuciaiiy speaKing, because of the reduced volume nf ^ o 1 • L 

smgle-screw extruder, line speed would be reduced if shear and ternn^n ^ 
produce fewer defects. temperature are reduced to 
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The number of visual defects in a finished extruded film is measured to determine the 
optical quality of the film. This test procedure, referred to as C-charting, involves 
determining a standard definition for what a defect comprises, by determining the maximum 
size of gels, fisheyes or other optical defects which can be tolerated without adversely 
affecting acceptable film clarity. A second C-charting standard sets the maximum number 
of defects acceptable for a given surface area of the finished extruded film. The defect count 
can be charted by plotting the number of defects in a given area at selected time intervals as 
the extruded material is being produced. The charting can reveal undesired shifts, trends, 
cycles or patterns in the extrusion process. 

In one test standard, the film is viewed on a flat surface with a predetermined light 
source, and the film is visually inspected for defects. Any non-uniformity (or 
non-conformity) larger in diameter than 0.8 mm is considered a defect, and the number of 
defects per eight square feet of extruded film are counted, although this standard area can 
vary. An acceptable film can be determined to comprise a film having an average defect per 
area count below a preset value, which in one test standard is five defects or less per eight 
square feet of surface area. This sample area is determined as a result of conventional film 
extrusions 48 inches wide, with test samples taken at two feet intervals, an the extrusion 
trials described previously in which film width was 51 inches, defects were counted for 8-1/2 
square feet areas.) 
20 Example 13 

The material used for this trial comprised Kynar 720 PVDF/VS-100 PMMA/Tinuvin 
234 UV stabilizer in a 60:40:[2pph] blend. The process described above for making 
PVDF/acrylic pellets with minimal exposure to heat was used to prepare the starting 
material. The extruder comprised an Egan six-inch single screw, single flight extruder The 
distance between the extruder outlet and the extruder exit opening was less than about two 
feet, and a screen pack using 20/40/60/80/100 mesh screens was interposed between the 
extruder outlet and the die inlet opening. An extruded clear film coating approximately one 
mil m thickness was extruded at a web width of 51 inches onto a traveling PET carrier film 
Initial start-up was begun utilizing the Kynar/acrylic blend. The extrusion profile was 450°F 
to facilitate screw coating at low amps. Once the polymer flow was established, the barrel 
temperatures were reduced and the coating process was begun on a poly-coated paper 
substrate to assist in gauge setup. After gauging was sufficient, the PET substrate was 
begun. The extruder was operated at a low rpm to prepare a total of 13,000 feet of film 
Several trials were conducted. In one set of trials, extruder rotation was 24 rpm in order to 
produce the greatest line speed of 157 ft/min. Other trials were conducted at 19 rpm to 
produce a line speed of 126 ft/min and at 15 rpm to produce a line speed of 100 ft/min 
Melt pressure of the extruded material varied from 830 psi for the 24 rpm operation to 730 
psi for the 15 rpm operation. The chill roll temperature was maintained at 75 °F in all trials. 
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1 Extruder die zone temperature varied from about 400° to 430°F *u ■ , 

35* .o about 45% acryHc. by weigh. of % J °Tv£££££H? *" 

the formulation. In a more orefemrt , mh ~, r vuwaciylic solid polymers contained in 

- a PV^to-acryfic ST^^5~r " "~ 

exposed bom duri £££ 1' S^^TS "* " ™* * 
during extnrsion to produce me finished fC s^ fZ^ ™ *" eXtmder ^ 

fcnnation rcmperemre oftyT^ Z^ZZZXT™ * " *~ * 
opeming .U such steps i. rhe process s^Z^^^I™^ " * 
at no more than about 20--30-F below thTtTt P™*ssd rmuerial stay 

aero-defec, extruded dear fum can TpL^ ? T"™ ' " 

In addition to producing extruded films of such high optical clarTTZ 
pressure alao is an important consideration and « em^T » 

2,000 pai is prefembie, more preferably bLTl » E*l T ° f **" ^ 
30 700-800 psi. For te PVDF/acryifc cx^ded'^mT ,„ T **" aboUt 

luaea rrom the die exit opening to about 30°-5O°F below the a*, f 

35 temperature of 450°F. "ciuw uie gel formation 
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1 Example 14 

The high optical clarity PVDF/acrylic extruded clear film of this invention also can 
be used as a weatherable protective outer coating for windows. In one process the clear film 
is extruded onto the PET carrier as described above. The PET carrier and clear film are 

5 then transfer-laminated to a laminate comprised of an outer adhesive coat and a metallized 
layer on a polyester film. The extruded clear coat layer is transfer-laminated to the adhesive 
layer and the PET carrier is removed to produce a composite comprised of the clear outer 
film/adhesive/metallized layer/PET film. This composite is then laminated to a layer of glass 
with an intervening transparent adhesive layer. The clear film provides good optical clarity 

10 and weatherability for the window gloss composite. 
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1 WHAT IS CLAIMED IS: 

5 compnstng a wearherable thermoplastic at* Urermofonnable optica!.* eta" « ot IT 

transfer . it ta „ previoIls ^ with ^ aa j£ m ~ *-* 
ft. firs. Uyer^ " ^ 1 * WhiCh fc — « «*- cast on 

coexjded. ^ ^ aCCOKlin8 M Cbta ' in «** *• - -o»- .aye. are 

supportive £^ £T*L* ^ ' '"**« ~ U °* « ——N. 
35 pi^emed «T2 2 1 I ^ Primer coat as a coextrusion and rhercafter bonding fc 
P gmented coat side of the sheet tnatenal to the primer coat of the coextrusion 

11. The process according to claim 10 including extruding the clear coar at a 
temperature above 350°F followed bv .„«!.. . 8 ™" coat a ' a 

r rotlowed by exposing the clear coar to contact with a chill roll 
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having a temperature of less than about 80°F, to harden the clear coat within an elapsed time 
of less than about three to four seconds. 

12. The process according to claim 1 in which the clear coat comprises a blend of 
polyvmylidene difluoride and an acrylic material having a Tg of at least 65 °C. 

13. The process according to claim 12 in which the polyvinylidene difluoride/acrylic 
weight ratio is from about 50/50 to about 70/30 based on the total solids of these materials 
present in the clear coat. 

14. The process according to claim 1 in which the first layer is extrusion coated 
from an extruder in which heat generated within the extruded material is controlled to a 
temperature below the gel formation temperature of the polymers contained in the extruded 
material. 

15. The process according to claim 14 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm, producing a line speed greater than 
about 100 ft/min. 

16. The process according to claim 15 in which the extruded material is subjected 
to an extrusion pressure below about 1,000 psi. 

17. The process according to claim 16 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperature of each 
of the components being formed into pellets. 

18. The process according to claim 14 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperature of each 
of the components being formed into pellets. 

19. The process according to claim 14 in which the starting material for the 
extrusion step comprises a blend of a fluoropolymer and an acrylic polymer, and in which 
the extruded material is maintained at a temperature below the gel formation temperature of 
the fluoropolymer. 

20. The process according to claim 19 in which the extrusion temperature is below 
about 450°F. 

21. The process according to claim 20 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm. 

22. The process according to claim 14 in which the extruded material comprises a 
thermoformable film having less than about five defects based on the C-charting standard of 
measurement. 

23. The process according to claim 19 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by first extruding the 
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~:r w r ~ by exm,sio - ° f - — sssr 

A process for making a protective and decorative sheet m .,^.i 
extmnion coating a solid poiymeric materia, from an JZZZ L « J*™* 

support by the release-cafed carrier shee^ tZ, ? *"* WMe 

supportive sheet u> the second layHde j£ . V"—*"- «• poiymeric 

carrier sheet ft™, a composite paint coat; and separating the 

pro^ver^ rir Mgh^rrhTr r- *• omer — ° f - 

automonvequaHtytransferrJtohT™ T * ^tnesiKif-image of exterior 
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temperature below the gel formation temperature of the polymers contained in the extruded 
material. 

35 . The process according to claim 34 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm, producing a line speed of more than 
about 100 ft/min. 

36. The process according to claim 35 in which the extruded material is subjected 
to an extrusion pressure below about 1,000 psi. 

37. The process according to claim 36 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperature of each 
of the components being formed into pellets. 

38. The process according to claim 34 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperature of each 

15 of the components being formed into pellets. 

39. The process according to claim 34 in which the starting material for the 
extrusion step comprises a blend of a fluoropolymer and an acrylic polymer, and in which 
the extruded material is maintained at a temperature below the gel formation temperature of 
the fluoropolymer. 

20 40. The process according to claim 39 in which the extrusion temperature is below 

about 450°F. 

41 . The process according to claim 40 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm. 

42. The process according to claim 34 in which the extruded material comprises a 
25 thermoformable film having less than about five defects based on the C-charting standard of 

measurement. 

43. The process according to claim 39 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by first extruding the 
acrylic component into pellet form followed by extruding the fluoropolymer component from 

w a pellet form state to the extruded clear coat film material. 

44. A process for making an extruded clear coat film having an optical clarity 
sufficient for use as a weatherable exterior automotive paint film, the process comprising 
preparing a starting material comprising an extrudable weatherable polymeric material 
prepared from a blend of weatherable polymers, and extruding the starting material in an 
extruder to form at the extruder die exit opening an extruded clear coat film, the extruded 
starting material being maintained at a temperature below the gel formation temperature of 
the weatherable polymers contained in the blended starting material, said temperature being 
maintained during preparation of the starting material and during extrusion into the clear coat 
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1 film, thereby minimizing optical defects in the extruded film sufficient for exterior 
automotive paint film requirements. exterior 

a line ™L ^/T^ """^ * ^ 44 ta Which cIear «« Om is extruded at 
a lme speed greater than about 100 ft/min from the extruder. 

5 46. The process according to claim 44 in which the extruded material is subjected 

to an extrusion rotational rate of less than about 50 rpm. subjected 

47. The process according to claim 44 in which the extruded material is subjected 
to an extrusion pressure below about 1 ,000 psi. subjected 

10 m ^ Pr ° CeSS aCC ° rding t0 dHim 44 in which * e s ^«ing material for the 

10 extrusion step comprises a blend of a fluoropolymer and an acrylic polymer and in whth * 

ST is at a temperamre beIow - gel f — — 

at a J^^SSZZ daim " ^ WWCh ^ eXttUded material iS — - 

15 th erm f P T SS t0 Clalm 44 in Which extruded film comprises a 

Sc^Zr^T ^ With 3 dCfeCt ,CVel ° f l£SS man ab °« «ve defects based on 
the c-charong standard of measurement. 

51. A process for making an extruded film of high optical clarity comnri S in S 
pn*anng an exmrdahie poiymeric materia! from a bleed of weaUreraWe pXtTTZ 
20 ^exn^mg test a nto gma tt ria lM formamee« n ,derd^„^ 
defe^ h T ' h 7'~ te — »• » defec, .eve, o, ,ess dJaZ 

five defect based on the C-charting standard of measurement, said seartng ^al beta. 



materials contained in the starting material 
25 52 



to a , a fr' f ^ PrOCCSS aCCOTding 10 Cl3im 51 iDClUding «PP»yi»« tIie extruded clear film 
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